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LIST  OF  THE  MEETINGS  OF  THE  INSTITUTE  AND  THEIR  LOCAL- 
ITIES FROM  ITS  OEGANIZATION  TO  THE  END  OF  1884. 


Number.  Place.  Date. 

I.  Wilkesbarre,  Pa.  *    ....  May,  1871,    . 

II.  Bethlehem,  Pa., August,  1871, 

III.  Troy,  N.  Y., November,  1871 

IV.  Philadelphia,  Pa., February,  1872, 

V.  New  York,  N.  Y.,* May,  1872,     . 

^1.  Pittsburgh,  Pa October,  1872, 

VII.  Boston,  Mass., February,  1873, 

VIII.  Philadelphia,  Pa.,*  ....  May,  1873,     . 

IX.  Easton,  Pa., October,  1873, 

X.  New  Y'ork,  N.  Y.,     .     .     .     .  February,  1874, 

XI.  St.  Louis,  Mo.,* May,  1874,     . 

XII.  Hazleton,  Pa October,  1874, 

XIII.  New  Haven,  Conn.,  ....  February,  1875, 

XIV.  Dover,  N.  J.,* May,  1875,     . 

XV.  Cleveland,  O., October,  1875, 

XVI.  Wa.shington,  D.  C,  .     .     .     .  February,  1876, 

XVIL  Philadelphia,  Pa.,t  ....  June,  1876,    . 

XVIII.  Philadelphia,  Pa.,     ....  October,  1876, 

XIX.  New  York,  N.  Y.,     .     .     .     .  February,  1877, 

XX.  Wilkesbarre,  Pa.,*    ....  May,  1877,     . 

XXI.  Amenia,  N.  Y'., October,  1877, 

XXII.  Philadelphia,  Pa.,     ....  February,  1878, 

XXIII.  Chattanooga,  Tenn.,*     .     .     .  May,  1878,     . 

XXIV.  Lake  George,  N.  Y.,      ...  October,  1878, 
XXV.  Baltimore,  Md.,* February,  1879, 

XXVI.  Pittsburgh,  Pa., May,  1879,     . 

XXVII.  Montreal,  Canada,     ....  September,  1879, 

XXVIIL  New  Y^ork,  N.  Y.,*  .     .     .     .  February,  1880, 

XXIX.  Lake  Superior,  Mich.,  .     .     .  August,  1880, 

XXX.  Philadelphia,  Pa.,*   ....  February,  1881, 

XXXI.  Staunton,  Va., May,  1881,     . 

XXXII.  Harri-sburg,  Pa., October,  1881, 

XXXni.  Washington,  D.  C.,*      .     .     .  February,  1882, 

XXXIV.  Denver,  Col., August,  1882, 

XXXV.  Boston,  Mass.,* February,  1883, 

XXXVI.  Roanoke,  Va., June,  1883,    . 

XXXVII.  Troy,  N.  Y., October,  1883, 

XXXVIII.  Cincinnati,  O.,* February,  1884, 

XXXIX.  Chicago,  111., May,  1884,     . 

XL.  Philadelphia,  Pa.,     ....  September,  1884, 
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•  Annual  meeting  for  the  election  of  officers.    The  rules  were  amended  at  the  Chattanooga 
meeting.  May,  1878,  changing  the  annual  election  from  May  to  February. 
t  Begun  in  May  at  Easton,  Pa.,  for  the  election  of  officers,  and  adjourned  to  Philadelphia. 


PUBLICATIONS. 


The  publications  of  the  Institute  comprise: 

1.  Tlie  miuutes  of  the  Proceedings  of  each  Meeting,  published  in 
pamphlet  form. 

2.  Such  of  the  papers  presented  or  read  by  title  at  each  Meeting  as 
are  furnished  by  the  authors  and  approved  by  the  Council  for  full  pub- 
lication. (In  nearly  all  cases  in  which  papers,  the  titles  of  which  appear 
in  the  Proceedings,  are  not  subsequently  published,  they  have  been  with- 
drawn by  the  authors.)  These  papers  are  published  separately  in  pam- 
phlet form,  and  are  marked  "Subject  to  Revision." 

3.  Annual  volumes  of  Tra7isactions,  containing  the  list  of  officers  and 
members,  rules,  etc.;  the  Proceedings  and  the  papers,  revised  for  final 
publication.  (In  this  revision  after  the  preliminary  publication,  authors 
are  permitted  to  use  the  largest  liberty ;  and  the  changes  and  additions 
made  in  papers  are  sometimes  important.  It  should  be  borne  in  mind, 
by  those  who  study  or  quote  a  paper  in  the  preliminary  edition,  that 
they  may  not  have  in  that  form  the  ultimate  and  deliberate  expression 
of  the  author's  views.  It  should  be  added,  however,  that  in  the  majority 
of  cases  there  is  no  essential  change,  the  correction  of  typographical 
errors  and  additions  of  later  information  being  the  usual  alterations.) 

4.  Special  editions  of  separate  papers,  for  which  there  is  demand. 
These  are  fully  revised,  and  usually  issued  in  pamphlet  covers. 

5.  Books.  (Under  this  head  the  only  publications  thus  far  have  been 
an  Index  to  Vols.  I.  to  X.  inclusive,  a  Glossary  of  Mining  and  Metal- 
lurgical Terms,  and  a  Memorial  of  Alexander  Lyman  Holley.) 

All  the  foregoing  publications  ^re  sent  free  to  members  and  associates 
not  in  arrears  at  the  time  of  publication.  They  are  also  for  sale  at  the 
oflBce  of  the  Secretary,  or  are  sent  to  purchasers  by  mail  or  express, 
charges  paid,  on  receipt  of  the  price  by  the  Secretary,  as  follows : 

Classes  1  and  2,  above  mentioned, — price  not  uniform — a  small  sum, 
in  no  case  exceeding  20  cents  per  copy,  to  cover  cost  of  printing,  storage, 
clerk-hire,  postage,  etc. 

Class  3  (Tranmction8),&t  $5  per  volume  in  paper  covers,  or  $6  bound 
in  half-morocco. 

Class  4.  This  class  now  includes  "Steel  Rails"  (Papers  by  Messrs. 
Sandberg,  Dudley  and  Holley,  and  discussions  at  two  meetings  in  1881, 
from  vol.  ix.  of  the  Transactions),  price  $1;  "Technical  Education" 
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(Papers  and  discussions  at  the  XVIIth  [Philadelphia]  meeting,  in  1876 
— mostly  not  in  the  Transactions),  price  50  cents;  "Russell's  Improved 
Process  for  Lixiviating  Silver-Ores,"  by  C.  A.  Stetefeldt,  price  25  cents; 
"The  Law  of  the  Apex"  (including  the  Appendix),  by  R.  W.  Raymond, 
price  25  cents  ;  "  List  of  Members,  Rules,  etc.,"  price  25  cents. 

Class  5.  Index  to  Vols.  I.  to  X.,  inclusive,  of  the  Transactions,  price, 
in  paper  covers,  $1;  in  half-morocco,  $2.  "Memorial  of  Alexander 
Lyman  Holley,"  in  cloth,  with  frontispiece-portrait,  price  $2.  "  Glossary 
of  Mining  and  Metallurgical  Terms,"  by  R.  W.  Raymond  (from  vol.  ix. 
of  the  Transactions),  in  cloth,  price  50  cents. 

All  communications  and  remittances  should  be  addressed  to  R.  W. 
Raymond,  Secretary,  P.  O.  Box  223,  New  York  City. 


RULES 


ADOPTED  MAY,  1S73.    AMENDED  MAY,  1S75,  MAY,  1877,  MAY,  1878,  FEBRUARY,  1880, 
and  FEBRUARY,  1881. 


I. 

OBJECTS. 


The  objects  of  the  American  Institute  of  Mining  Engineers  are  to  promote 
the  Arts  and  Sciences  connected  with  the  economical  production  of  the  useful  min- 
erals and  metals,  and  the  welfare  of  those  employed  in  these  industries,  by  means 
of  meetings  for  social  intercourse,  and  the  reading  and  discussion  of  professional 
papers,  and  to  circulate,  by  means  of  publications  among  its  members  and  associates, 
the  information  thus  obtained. 


II. 

MEMBEBSHIF. 

The  Institute  shall  consist  of  Members,  Honorary  Members,  and  Associates. 
Members  and  Honorary  Members  shall  be  professional  mining  engineers,  geologists, 
metallurgists,  or  chemists,  or  persons  practically  engaged  in  mining,  metallurgy,  or 
metallurgical  engineering.  Associates  shall  include  all  suitable  persons  desirous  of 
being  connected  with  the  Institute,  and  duly  elected  as  hereinafter  provided.  Each 
person  desirous  of  becoming  a  member  or  associate  shall  be  proposed  by  at  least 
three  members  or  associates,  approved  by  the  Council,  and  elected  by  ballot  at  a 
regular  meeting  upon  receiving  three-fourths  of  the  votes  cast,  and  shall  become  a 
member  or  associate  on  the  payment  of  his  first  dues.  Each  person  proposed  as  an 
honorary  member  shall  be  recommended  by  at  least  ten  members  or  associates,  ap- 
proved by  the  Council,  and  elected  by  ballot  at  a  regular  meeting  on  receiving  nine- 
tenths  of  the  votes  cast ;  Provided,  that  the  number  of  honorary  members  shall  not 
exceed  twenty.  The  Council  may  at  any  time  change  tiie  classification  of  a  person 
elected  as  a.ssociate,  so  as  to  make  him  a  member,  or  vice  versa,  subject  to  the  ap- 
proval of  the  Institute.  All  members  and  associates  shall  be  equally  entitled  to  the 
privileges  of  membership;  Provided,  that  honorary  members  shall  not  be  entitled 
to  vote  or  to  be  members  of  the  Council. 
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Any  member  or  associate  may  be  stricken  from  the  list  on  recommendation  of  the 
Council,  by  the  vote  of  three-fourths  of  the  members  and  associates  present  at  any 
annual  meeting,  due  notice  having  been  mailed  in  writing  by  the  Secretary  to  the 
said  member  or  associate. 


III. 
DUES. 

The  dues  of  members  and  associates  shall  be  ten  dollars  per  annum,  payable  in 
advance  at  the  annual  meeting ;  Provided,  that  persons  elected  at  the  meeting  fol- 
lowing the  annual  meeting  shall  pay  eight  dollars,  and  persons  elected  at  the  meet- 
ing preceding  the  annual  meeting  shall  pay  four  dollars  as  dues  for  the  current  year. 
Honorary  members  shall  not  be  liable  to  dues.  Any  member  or  associate  may 
become,  by  the  payment  of  one  hundred  dollars  at  any  one  time,  a  life  member  or 
associate,  and  shall  not  be  liable  thereafter  to  annual  dues.  Any  member  or  asso- 
ciate in  arrears  may,  at  the  discretion  of  the  Council,  be  deprived  of  the  receipt  of 
publications,  or  stricken  from  the  list  of  members  when  in  arrears  for  one  year ; 
Provided,  that  he  may  be  restored  to  membership  by  the  Council  on  payment  of  all 
arrears,  or  by  re-election  after  an  interval  of  three  years. 


IV. 

OFFICERS. 

The  affairs  of  the  Institute  shall  be  managed  by  a  Council,  consisting  of  a  Presi- 
dent, six  Vice-Presidents,  nine  Managers,  a  Secretary  and  a  Treasurer,  who  shall  be 
elected  from  among  the  members  and  associates  of  the  Institute  at  the  annual 
meetings,  to  hold  office  as  follows  : 

The  President,  the  Secretary,  and  the  Treasurer  for  one  year  (and  no  person  shall 
be  eligible  for  immediate  re-election  as  President  who  shall  have  held  that  office 
subsequent  to  the  adoption  of  these  rules,  for  two  consecutive  years),  the  Vice-Presi- 
dents for  two  years,  and  the  Managers  for  three  years  ;  and  no  Vice-President  or 
Manager  shall  be  eligible  for  immediate  re-election  to  the  same  office  at  the  expira- 
tion of  the  term  for  which  he  was  elected.  At  each  annual  meeting  a  President, 
three  Vice-Presidents,  three  Managers,  a  Secretary  and  a  Treasurer  shall  be  elected, 
and  the  term  of  office  shall  continue  until  the  adjournment  of  the  meeting  at  which 
their  successors  are  elected. 

The  duties  of  all  officers  shall  be  such  as  usually  pertain  to  their  offices,  or  may 
be  delegated  to  them  by  the  Council  or  the  Institute ;  and  the  Council  may  in  its 
discretion  require  bonds  to  be  given  by  the  Treasurer.  At  each  annual  meetingthe 
Council  shall  make  a  report  of  proceedings  to  the  Institute,  together  with  a  financial 
statement. 

Vacancies  in  the  Council  may  occur  by  death  or  resignation ;  or  the  Council  may, 
by  a  vote  of  the  majority  of  all  its  members,  declare  the  place  of  any  officer  vacant, 
on  his  failure  for  one  year,  from  inability  or  otherwise,  to  attend  the  Council  meet- 
ings or  perform  the  duties  of  his  office.    All  vacancies  shall  be  filled  by  the  appoint- 
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ment  of  the  Council,  and  any  person  so  apjwintod  shall  hold  office  for  the  remainder 
of  the  term  for  which  his  pretleoessor  was  elected  or  appointed  ;  Provided,  that  the 
said  appointment  siiall  not  render  him  ineligible  at  the  next  annnal  meeting. 

Five  members  of  the  Council  siiall  constitute  a  quorum  ;  but  the  Council  may- 
appoint  an  Executive  Committee,  or  business  may  be  transacted  at  a  regularly  called 
meeting  of  the  Council,  at  which  less  than  a  quorum  is  present,  subject  to  the  ap- 
proval of  a  majority  of  the  Council,  subsequently  given  in  writing  to  the  Secretary, 
and  recordetl  bv  him  with  the  minutes. 


V. 

ELECTIONS. 

The  annnal  election  shall  be  conducted  as  follows  :  Nominations  may  be  sent  in 
writing  to  tlie  Secretary,  accompanied  with  the  names  of  the  proposers,  at  any  time 
not  less  than  thirty  days  before  tlie  annual  meeting;  and  the  Secretary  shall,  not 
less  than  two  weeks  l)efore  the  said  meeting,  mail  to  every  member  or  associate  (ex- 
cept honorary  members),  a  list  of  all  the  nominations  for  each  office  so  received, 
stamped  with  the  seal  of  the  Institute,  together  with  a  copy  of  this  rule,  and  the 
names  of  the  persons  ineligible  for  election  to  each  office.  And  each  member  or 
associate,  qualified  to  vote,  may  vote,  either  by  striking  from  or  adding  to  the  names 
of  the  S'.id  list,  leaving  names  not  exceeding  in  number  the  officers  to  be  elected,  or 
by  preparing  a  new  list,  signing  said  altered  or  prepared  ballot  with  his  name,  and 
either  mailing  it  to  the  Secretary  or  presenting  it  in  person  at  the  annual  meeting : 
Provided^  that  no  member  or  associate  in  arrears  since  the  last  annual  meeting  shall 
be  allowed  to  vote  until  the  said  arrears  shall  have  been  paid.  The  ballots  shall  be 
received  and  examined  by  three  Scrutineers,  appointed  at  the  annual  meeting  by 
the  presiding  officer;  and  the  persons  who  shall  have  received  the  greatest  number 
of  votes  for  the  several  offices  shall  be  declared  elected,  and  the  Scrutineers  shall  so 
report  to  the  presiding  officer.  The  ballots  shall  be  destroyed,  and  a  list  of  the 
elected  officers,  certified  by  the  Scrutineers,  shall  be  preserved  by  the  Secretary, 


VI. 

MEETINGS. 

The  annual  meeting  of  the  Institute  shall  take  place  on  the  third  Tuesday  of 
February,  at  which  a  report  of  the  proceedings  of  the  Institute  and  an  abstract  of 
the  accounts  shall  be  furnished  by  the  Council.  Two  other  regular  meetings  of  the 
Institute  shall  \)e  held  in  each  year,  at  such  times  and  places  as  the  Council  shall 
select,  and  notice  of  all  meetings  shall  be  given  by  mail,  or  otherwise,  to  all  mem- 
bers and  associates,  at  least  twenty  days  in  advance.  Special  meetings  may  be 
called  whenever  the  Council  sees  fit;  and  the  Secretary  shall  call  a  special  meeting 
on  a  requisition  signed  by  fifteen  or  more  members.  The  notices  for  special  meet- 
ings shall  state  the  business  to  be  transacted,  and  no  other  shall  be  entertained. 

Every  question  which  shall  come  before  any  meeting  of  the  Institute,  shall  be 
decided,  unless  otherwise  provided  by  these  Kules,  by  the  votes  of  a  majority  of 
the  meraljers  then  present.  Any  member  or  associate  may  introduce  a  stranger  to 
any  meeting  ;  but  the  latter  shall  not  take  part  in  the  proceedings  without  the  con- 
sent of  the  meeting. 
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VII. 

PAPERS. 

The  Council  shall  have  power  to  decide  on  the  propriety  of  communicating  to  the 
Institute  any  papers  which  may  be  received,  and  they  shall  be  at  liberty,  when  they 
think  it  desirable,  to  direct  that  any  paper  read  before  the  Institute,  shall  be  printed 
in  the  Transactions.  Intimation,  when  practicable,  shall  be  given,  at  each  general 
meeting,  of  the  subject  of  the  paper  or  papers  to  be  read,  and  of  the  questions  for 
discussion  at  the  next  meeting.  The  reading  of  papers  shall  not  be  delayed  beyond 
such  hour  as  the  presiding  officer  shall  think  proper  ;  and  the  election  of  members 
or  other  business  may  be  adjourned  by  the  presiding  officer,  to  permit  the  reading 
and  discussion  of  papers. 

The  copyright  of  all  papers  communicated  to,  and  accepted  by,  the  Institute,  shall 
be  vested  in  it,  unless  otherwise  agreed  between  the  Council  and  the  author.  The 
author  of  each  paper  read  before  the  Institute  shall  be  entitled  to  twelve  copies,  if 
printed,  for  his  own  use,  and  shall  have  the  right  to  order  any  number  of  copies  at 
the  cost  of  paper  and  printing,  provided  said  copies  are  not  intended  for  sale.  The 
Institute  is  not,  as  a  body,  responsible  for  the  statements  of  fact  or  opinion  advanced 
in  papers  or  discussions  at  its  meetings,  and  it  is  understood  that  papers  and  discus- 
sions should  not  include  matters  relating  to  politics  or  purely  to  trade. 

VIII. 

AMENDMENTS. 

These  Rules  may  be  amended  at  any  annual  meeting  by  a  two-thirds  vote  of  the 
members  present,  provided  that  written  notice  of  the  proposed  amendment  shall 
have  been  given  at  a  previous  meeting. 
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COMMITTEES. 
Citizens'  Committee. 

Soanolce.—J.  B.  Austin,  Chairman;  Frank  INfaddock,  Secretary;  P.  L.  Terry, 
F.  Eorer,  Henry  S.  Trout,  Dr.  F.  Sorrell,  David  S.  Read,  Col.  George  P.  Taylor, 
Charles  M.  Blaokwell,  Maj.  Andrew  Lewis,  Capt.  Marshal  Waid,  J.  H.  Dunstau, 
J.  H.  Sykes,  H.  Chipman,  George  T.  Munford,  Prof.  William  Taylor  Thom,  Col. 
D.  F.  Houston,  J.  Allen  "Watts,  Capt.  R.  B.  Moorman,  Capt.  M.  M.  Rogers,  Dr. 
Joseph  A.  Gale,  E.  G.  McClanahan,  Capt.  W.  W.  Berkely,  F.  J.  Chapman,  C.  F. 
Conrad.  Capt.  W.  W.  Brand,  S.  S.  Brooke. 

Lynchburg. — Gen.  T.  T.  Munford,  Mayor  A.  H.  Pettigrew. 

BoMourl  County. — John  C.  Moomaw. 

Liberty. — Mnj.  S.  Griffin. 

Salem.— Col.  Robert  Logan,  Prof.  S.  C.  Wells,  Col.  C.  W.  Burwell,  Dr.  John  S. 
Deyerle,  John  Chalmers,  D.  G.  Armstrong,  Judge  Wingfield  Griffin,  Capt.  George 
Horner,  Col.  Thomas  Lewis,  S.  F.  Simmons,  Col.  E.  W.  Jack,  Dr.  J.  W.  Bruffey. 

Wythe  County.— Co\.  R.  E.  W^ithers,  Gen.  William  Terry,  Judge  Robert  C.  Kent, 
Maj.  D.  P.  Graham,  Maj.  J.  T.  Hamlet,  Maj.  N.  P.  Oglesby,  James  H.  McGavock, 
Judge  John  H.  Fulton,  Judge  W.  H.  Boiling,  David  S.  Peirce,  Capt.  John  C.  Ra- 
per,  John  W.  Robinson,  Gen.  James  A.  W'alker,  C.  S.  Van  Liew,  Dr.  Samuel  C. 
Gleaves,  Dr.  R.  E.  Moore,  John  S.  Crockett,  Capt.  Gibbony. 

Abingdon. — W.  K.  Armistead,  F.  M.  Imboden. 

Montgomery  County. — Maj.  J.  T.  Cowan,  Thomas  W.  Spindle. 

Gila  County. — John  Graham,  Jr.,  J.  G.  Osborne. 

LocAi,  Committee  in  Lynchburg. 
Capt.  C.  M.  Blackford,  Chairman  ;  John  H.  Flood,  George  M.  Jones,  P.  J.  Otey, 
W.  B.  Robinson,  T.  B.  Deane,  C.  W.  Button,  T.  D.  Davis,  H.  Grey  Latham,  Alex- 
ander McDonald,  L.  S.  Marye,  John  Stevenson,  Jr. 

Finance  Committee. 
P.  L.  Terry,  Chairman;  Henry  S.  Trout,  Capt.  M.  M.  Rogers,  Col.  D.  F.  Hous- 
ton, F.  Rorer. 

Committee  on  Excursions. 
W^.  W.  Coe,  Chief  Engineer,  Chairman ;  Col.  Frank  Huger,  Supt.  Norfolk  & 
Western  R.  R. ;  .Joseph  H.  Sands,  Supt.  Shenandoah  Valley  R.  R. ;  Maj.  Frank 
K.  Huger,  Supt.  E.  T.  V.  &  Ga.  R.  R. ;  Thomas  E.  Matson,  Supt.  and  Engineer  E. 
T.  &  W.  X.  C.  R.  R. ;  D.  W.  Flickwir,  Asst.  Engineer  Shenandoah  Valley  R.  R.; 
William  Welch,  Master  Mechanic  Shenandoah  Valley  R.  R. 

Committee  of  Members  of  the  Institute. 
J.  H.  Bramwell,  Chairman  ;  W.  A.  Lathrop,  C.  R.  Boyd,  Dr.  W.  Lawrence  Aus- 
tin, James  Witherspoon,  J.  Stevenson,  Jr.,  N.  Allen  Stockton. 
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Municipal  Committee. 

Lucian  II.  Cocke,  Mayor ;  F.  Rorer,  S.  W.  Jamison,  Henry  S.  Trout,  J.  B.  Fer- 
guson, D.  W.  Flickwir,  Col.  D.  F.  Houston  ;  Committee  of  the  Whole  of  City 
Council. 

The  opening  session  was  held  in  tlie  dining-room  of  the  Hotel 
Roanoke  on  Monday  evening,  Jnne  4th.  Mr.  J.  B.  Austin,  chair- 
man of  the  Local  Comtnittee  of  Arrangements  at  Roanoke,  called 
the  meeting  to  order,  and,  after  a  few  words  of  cordial  greeting,  in- 
troduced Mayor  Lucian  H.  Cocke,  who  in  the  name  of  the  city 
Avelcomed  the  Institute  to  Roanoke.  At  the  conclusion  of  his  ad- 
dress the  Mayor  introduced  Major  S.  Griffin  of  Liberty,  who, ex- 
tended a  welcome  to  the  Institute  on  behalf  of  the  State  of  Virginia. 
President  R.  W.  Hunt  replied  for  the  Institute  to  the  cordial  ad- 
dresses of  welcome,  and  tlien  read  tiie  followino;  inaugural  address  : 

Address  of  President  Hunt. 

Upon  assuming  the  duties  of  the  high  position  to  which  you  have 
elected  me,  I  beg  to  thank  you  most  sincerely  for  the  honor  conferred. 
To  be  the  presiding  officer  of  this  society  is  a  gratifying  distinction; 
but  entering  upon  that  office  as  the  successor  of  the  able  gentlemen 
who  have  preceded  me  renders  me  diffident  as  to  the  results  of  the 
ensuing  term.  But  believing  your  hearts,  rather  than  your  cooler 
judgments,  wei^e  consulted  in  making  your  selection,  I,  in  self-defence, 
now  rely  upon  them  for  forbearing  criticism  where  weak,  and  warm 
support  where  strong  and  right. 

Connected  as  most  of  us  are  with  the  active  industries  of  the 
country,  we  are  called  upon  to  encounter  not  only  engineering  prob- 
lems, but  commercial  ones  as  well.  In  fact,  the  two  are  so  intimately 
associated,  the  success  of  one  is  the  triumph  of  both.  For  while 
engineering  difficulties  may  be  overcome,  if  the  result  is  not  a  com- 
mercial success,  the  world  refuses  to  grant  praise,  and  certainly  with- 
holds substantial  rewards.  I  presume  never  since  the  organization 
of  this  Institute  has  the  metallurgical  engineer  been  called  upon  to 
meet  a  more  embarrassing  condition  of  affiiirs  than  at  the  present 
time.  We  have  been  through  panics,  through  periods  of  depression 
and  times  of  inflation;  but  just  now,  owing  to  tlie  legislative  status, 
an  entirely  new  element  enters  into  the  problem. 

After  the  warm  words  of  graceful  welcome  to  which  we  have  just 
listened,  with  the  certainty  of  having  displayed  to  us,  during  the 
next  few  days  of  our  visit  to  the  storehouse  of  nature's  treasures, 
such  boundless  mineral  and  agricultural  wealth,  made  available  by 
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intelHi^ent  enterprise  and  industry,  it  is  next  to  impossible  to  realize 
the  existence  of  aught  but  untrammelled  prosperity. 

Eight  years  ago,  the  President  of  this  Institute,  in  his  address  at 
the  Cleveland  meeting,  presented  as  he  so  well  could  the  necessity 
ibr  a  general  adoption  of  better  methods,  more  economical  machinery 
and  saving  appliances  in  all  branches  of  manufoctnre.  Plis  warning 
words  were  uttered  at  a  tinio  wiion  the  business  outlook  was  much 
the  same  as  now.  During  the  years  which  have  elajised  since  then, 
many  steps  have  been  taken  in  the  right  direction.  But  a  period  of 
great  prosperity,  at  least  of  great  activity,  came  upon  us.  Nature's 
refreshing  rains  and  glowing  sunshine  made  our  fertile  plains  rich 
with  golden  harvests.  Thousands  from  foreign  shores  came  to  us, 
seeking  new  homes  in  our  God-blessed  land.  There  has  been  work 
for  all,  plenty  for  all,  demand  for  everything.  The  result  was  a 
feverish  state  of  drive.  Did  the  blast-furnace  have  a  daily  output 
of  sixty  tons,  alter  the  lines — put  up  new  stoves — another  engine — 
force  it — blow  it — better  still,  build  another  and  bigger  one — pro- 
duce two  hundred  tons  per  day  !  The  Bessemer  works  M'ere  de- 
signed for  and  expected  to  make  fifteen  hundred  tons  of  ingots  per 
week.  Put  on  three  sets  of  hands,  let  the  week  of  production  begin 
on  Sunday  afternoon  ;  the  week  of  labor  never  end  ;  and  then,  not 
be  content  with  a  weekly  yield  of  three  thousand  tons.  This  has 
been  the  hot-blooded  life  of  the  past  few  years;  but  following  it, 
have  we  not  sometimes  neglected  true  economy?  If  not,  then  well. 
But  whether  yes  or  no,  the  time  is  now  here  when  we  must  have 
cheapness  of  production  as  well  as  quantity. 

I  take  it,  no  matter  what  may  be  our  views  on  the  subject  of 
protection,  the  supreme  duty  of  every  engineer  is  to  aim  at  placing 
our  industries  entirely  independent  of  the  whole  subject.  An 
easy  statement  to  make — not  so  easy  of  accomplishment.  But  our 
duty  remains  the  same.  How  can  it  be  done?  Most  emj)hatic- 
ally  not  by  placing  American  labor  on  the  same  basis  as  foreign; 
not  by  employing  women  and  children  to  perform  the  work  not  of 
men  alone,  but  that  of  beasts  of  burden  ;  not  by  giving  our  workers 
hovels  instead  of  homes;  not  by  depriving  them  of  wholesome  diet; 
not  by.  rendering  education  and  advancement  all  but  impossible; 
not  by  breaking  down  the  barriers  of  morality;  not  by  making  the 
united  efibrts  of  a  skilled  man,  his  equally  skilled  wife  and  daughter, 
capable  of  yielding  but  §5.13  per  week  !  I  am  proud  to  believe  the 
reduction  of  labor  to  this  point  would  require  a  j)lant  for  the  con- 
struction of  which  the  average  engineering  mind  is  incapable. 
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Unfortunately,  wlien  pinching  times  afflict  us,  when  the  necessities 
of  curtailment  of  costs  arise,  we  at  once  attack  the  wages  problem  as 
the  certain  and  only  way  of  salvation.  That  point  of  reduction  of 
cost  is  so  easily  reached.  Understand  me;  I  do  not  mean  that  labor 
should  not  bear  its  share  of  depression,  as  it  certainly  always  will  of 
prosperity.  But  if  we  would  give  deeper  thought,  and  not  permit 
the  human  proclivity  for  hitting  some  other  body  satisfy  us,  we 
should  make  greater  and  more  lasting  savings.  You  may  make  a 
heavy  reduction  in  wages,  and  save  but  a  small  amount  per  ton  of 
product;  and  when  times  change,  the  reduction  must  be  restored. 
But  save  a  few  per  cent,  of  loss  in  the  processes  of  manufacture,  and 
your  aggregate  is  the  same,  and  that  reduction  in  cost  remains  per- 
manent. By  the  difference  between  an  unintelligent,  careless,  and 
indifferent  use  of  the  non-producing  supplies  on  one  engine  and  its 
train  of  rolls  and  a  conscientious  effort  at  economy,  an  actual  saving 
of  one  hundred  dollars  per  month  has  been  possible.  This  is  not  a 
fortune ;  but  if  you  have  say  forty  engines  and  thirteen  trains  of 
rolls,  it  merits  respectful  consideration.  Better  let  that  master 
mechanic's  wages  remain  at  a  fair  standard  and  have  him  save  for 
you,  than  to  take  from  him  and  let  another  lose  for  you.  Hence,  I 
argue  that  the  first  duty  is  seeking  after  better  methods,  then  a  rigid 
and  economical  administration,  and  then  a  revision  of  the  whole  labor 
question. 

I  think  my  statements  as  to  not  favoring  a  descent  to  the  level 
of  foreign  labor  have  been  sufficiently  strong ;  but  at  the  same  time, 
I  claim  that  the  relative  pay  of  our  workers  is  not  properly  bal- 
anced. The  machinists,  the  pattern-makers,  the  carpenters,  the 
raeclianics  of  America  have  to  serve  an  apprenticeship  of  from  three 
to  four  years,  receiving  during  that  time  not  more  than  enough  to 
pay  their  board.  After  learning  their  trades,  they  can  not  hope  for, 
in  fact  are  satisfied  with  earning  from  two  dollars  and  twenty-five 
cents  to  three  dollars  per  day  (the  latter  being  for  exceptionally 
skilful  workmen),  two  dollars  and  fifty  cents  per  day  being  about 
the  average.  Should  these  men  develop  sufficient  talent,  they  may 
become  foremen,  at  say  $100  per  month.  Their  employment  de- 
mands physical  skill,  patient  toil,  frequently  fearless  exposure  to 
physical  danger,  and  a  certain  amount  of  intellectual  education. 
The  greater  the  latter,  the  more  certain  is  the  possessor  of  constant 
employment  and  success.  From  the  daily  wages  stated,  it  of  course 
follows  that  the  yearly  earnings  are  moderate.  Ncvertiieless,  in  all 
manufacturing  communities  of  this  country,  you  will  find  that  the 
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mechanics  are,  as  a  rule,  tlie  men  who  have  acquired  homesteads,  who 
live  with  the  most  comfort,  and  whose  children  are  prepared  for  a 
higher  plane  than  that  occupied  by  their  parents.  It  certainly  seems 
unjust  that,  as  opposed  to  such  a  class  of  workers,  other  men  without 
intellectual  education,  with  trades  that,  with  scarcely  an  exception, 
if  sufficient  physical  strength  is  possessed,  can  be  acquired  in  less 
than  a  year,  should  control  a  rate  of  pay  from  one  and  a  half  to 
three  times  as  great.  The  young  man  in  the  machine-shop  cheer- 
fully devotes  his  time,  while  learning  his  trade,  for  a  compensation 
of  some  three  dollai-s  per  week.  His  fellow  in  the  rolling-mill,  if 
over  eighteen  years  of  age,  must  receive  from  a  dollar  and  a  half  to 
two  dollars  per  day,  or  he  will  remain  in  idleness.  To  my  mind, 
true  justice  demands  that  the  wages  of  the  skilled  mechanic  should 
be  the  basis  in  comparison  with  which  the  rate  of  all  other  labor 
should  be  determined. 

But  to  reach  the  sought-for  plane,  to  place  the  manufacturers  of 
this  country  in  a  position  to  compete  in  the  open  markets  of  the 
world,  to  render  the  question  of  tariff  entirely  one  of  revenue,  one 
more  thing  is  absolutely  necessary :  We  must  have  cheap  raw  mate- 
rials. No  matter  how  much  engineering  skill  is  exercised,  no 
matter  how  economical  the  administration,  no  matter  how  low  the 
rewards  of  labor,  unless  the  coal,  the  ore,  the  pig  metal,  are  obtained 
at  a  far  lower  price  than  we  now  know,  our  market  must  be  limited 
to  our  own  domain,  and  the  foreign  importer  must  be  handicapped 
by  an  impost;  or  else  our  furnaces  must  remain  cold,  our  mills  idle, 
and  the  mines  of  either  my  own  New  York  or  those  of  hospitable 
Virginia  lie  undeveloped. 

To  give  us  this  cheap  material,  other  than  labor  must  be  content 
with  smaller  returns.  If  the  ore  property  is  acquired  for  say  fifty 
thousand  dollars,  the  company  formed  to  develop  it  must  not  have 
a  capital  of  a  million,  and  each  stockholder  expect  at  least  ten  per 
cent,  on  his  watered  investment.  I  fully  appreciate  that  this  is  not 
likely  to  be  received  with  favor ;  but  if  the  demand  is  for  steel  rails  at 
about  twenty-five  dollars  per  ton,  to  meet  it  the  manufacturers  must 
have  pig-iron  at  the  English  price  of  say  from  twelve  to  thirteen 
dollars.  Then,  with  the  American  converter,  averaging  42,705  tons, 
against  20,920  for  the  English,  and  15,001  tons  for  the  French  per 
year,  there  need  be  no  fear  but  the  American  product  can  compete  in 
any  market,  and  at  the  same  time  pay  labor  as  American  labor  should 
be  rewarded.  It  has  been  demonstrated  that  freight  can  be  carried 
over  our  railroads,  and  profits  made,  at  a  rate  per  mile  that  a  few 
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years  ago  seemed  impossible.  Our  country  is  one  of  long  distances. 
The  various  raw  materials  are  generally  far  apart,  or  else  the  market 
is  distant.  Hence  railroad  engineers  and  managers  have  already 
contributed  their  share  toward  solving  a  problem  which,  view  it  as 
you  may,  is  one  of  at  least  not  easy  solution. 

The  advisability  of  such  a  policy  has  been  recognized  by  at  least 
one  association  of  capitalists.  The  furnaces  and  mills  located  on  the 
Hudson  River,  while  possessing  many  advantages  of  location,  have 
been  handicapped  by  high-priced  fuel.  This  must  ever  remain — 
and  in  the  struggle  of  the  survival  of  the  fittest,  there  could  be  but 
one  other  element  to  offset  this  disadvantage.  If  cheap  and  good 
ore  could  be  obtained,  the  distance  from  the  coal-rields  would  be 
more  than  neutralized.  To  Mr.  James  A.  Burden,  of  Troy,  belongs 
the  credit  of  a  methodical  investigation,  rewarded  by  complete  suc- 
cess, which  promises  to  make  the  Hudson  Valley  one  of  the  most 
favorable  points  for  the  production  of  cheap  and  good  iron  in  the 
United  States.  The  gentlemen  associated  with  Mr.  Burden  in  pos- 
session of  the  Hudson  River  ore  property,  and  also  the  Chateaugay 
property,  believe  that  their  true  interests  point  toward  a  large  output 
at  a  small  profit.  Fortunately,  the  mixture  of  the  Chateaugay  and 
Hudson  River  ores  in  about  equal  proportions  furnishes  an  easy 
working  burden,  and  yields  good  foundry,  mill,  and  Bessemer  irons. 

Taking  Troy  as  a  point  at  which  these  ores  may  be  brought  to- 
gether and  smelted  in  properly  constructed  furnaces,  costs  can  be 
figured  about  as  follows  : 


1  ton  of  Cliateaugay,    . 
1  ton  of  Hudson  River, 


} 


$6.50 


]  I  tons  of  coal, 5.00 

Limestone, .50 

Oil,  tools,  etc., .50 

Labor, 1.50 

Repairs,  etc., 1.00 

?15.00 
If  Mr.  Burden's  policy  is  adhered  to,  it  would  seem  as  though 
hope  still  exists  for  some  of  us. 

The  bounden  Christian  duty  of  every  one,  in  whatever  sphere  he 
may  be  placed,  is  to  properly  administer  the  talents  given  unto  him. 
The  seeking  after  the  best  methods  in  all  things  is  imperative  on 
all.  But  have  we  not  cause  to  be  proud  of  the  development  of  our 
country,  and  reasonably  well  satisfied  with  the  results?  Coming, 
as  we  distant  members  of  this  Institute  do,  to  partake  of  the  hospi- 
tality and  witness  the  Aladdin-like  achievements  of  our  hosts  of  this 
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section  of  Virccinia,  are  we  not  inclined  to  conclude  that  the  system 
which  ha^  rendered  such  things  possible  is  fit  to  live?  • 

Papers  were  then  read  by  INIr.  A.  S.  McCreath  of  Harrisbnrg, 
Pa.,  on  The  Iron  Ores  of  the  Valley  of  Virginia,  and  by  Mr.  C.  R. 
Boyd  of  Wytheville,  Va.,  on  The  Ores  of  Cripple  Creek.  The 
Secretary  read  a  letter  from  the  President  of  Roanoke  College,  Salem, 
Va.,  inviting  the  members  to  visit  the  college  and  to  attend  the 
annual  commencement. 

On  Tuesday  the  members  and  ladies  left  on  a  special  train,  on  the 
Norfolk  and  Western  Railroad,  for  Lynchburg,  where  they  were 
received  by  the  local  committee  of  arrangements,  and  other  citizens 
and  ladies,  and  transferred  to  a  special  train  on  the  Richmond  and 
Allegheny  Railroad.  The  Lynchburg  blast  furnace  of  Messrs.  Car- 
ter &  Stevenson  was  first  inspected,  and  the  trij)  then  resumed  to 
Riverville,  where  transportation  was  provided  by  Mr.  Thomas  Dun- 
lap  to  the  mines  of  specular  iron  ore,  about  two  miles  from  the  sta- 
tion. A  collation  kindly  provided  by  the  citizens  of  Lynchburg  was 
served  at  Riverville,  after  which  short  informal  speeches  were  made. 

Owing  to  unavoidable  delays  in  returning  to  Lynchburg,  the  ses- 
sion appointed  for  the  afternoon  was  abandoned,  and  the  members 
spent  the  time,  until  the  departure  of  the  train  to  Roanoke,  in  inspect- 
ing a  very  extensive  and  interesting  collection  of  ores  and  minerals, 
from  the  vicinity  of  Lynchburg,  which  were  displayed  in  the  rooms 
of  the  Chamber  of  Commerce.  The  citizens  of  Lynchburg  had 
made  all  the  arrangements  for  a  banquet  to  be  given  to  the  members 
of  the  Institute  on  this  evening,  but  the  recent  disastrous  fire  in  the 
city,  accomj)anied  by  loss  of  life,  rendered  an  entertainment  of  this 
character  inajipropriate. 

The  second  session  of  the  Institute  was  held  on  Wednesday  morn- 
ing, in  Rorer  Hall,  when  the  following  pajiers  were  read  and  dis- 
cussed : 

The  Coals  of  the  Lower  Measures  or  Conglomerate  Group  in  the 
Virginias,  and  The  Iron  Ores  of  the  Virginias,  west  of  the  Archaean 
or  Eastern  Blue  Ridge.    By  Major  Jed.  Hotchkiss,  of  Staunton,  Va. 

Cast  Iron  of  Unusual  Strength.  By  Edward  Gridley,  of  Was- 
saic,  N.  Y. 

An  Hypothesis  of  the  Structure  of  the  Copper  Belt  of  the  South 
Mountain.     By  Dr.  Persifor  Frazer,  of  Philadelphia. 

The  Porosity  and  Specific  Gravity  of  Coke.  By  F.  P.  Dewey,  of 
Washington,  D.  C. 
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Gold  Mining  in  South  Carolina.  By  E.  Gybbon  Spilsbury,  of 
the  Haile  Mine,  South  Carolina. 

Dr.  Frazer  exhibited  a  large  aneroid  barometer  of  aluminium 
made  by  Hicks,  of  London,  provided  with  a  case  of  cork.  This  barom- 
eter combines  the  well-known  accuracy  of  Hicks's  work  with  great 
lightness,  being  only  one-third  the  weight  of  an  ordinary  barometer 
of  the  same  size. 

During  the  morning  and  afternoon  many  of  the  members  visited 
the  Rorer  Iron  Company's  mines,  a  few  miles  from  Roanoke,  the 
Crozer  Steel  and  Iron  Company's  new  furnace,  and  the  Roanoke 
Machine  Works. 

In  the  afternoon  an  excursion  was  made  to  the  Upland  mines  of 
the  Crozer  Steel  and  Iron  Company,  after  which  the  members  and 
ladies  were  charmingly  entertained  by  the  citizens  of  Roanoke  in  the 
beautiful  grounds  and  large  hotel  at  Blue  Ridge  Springs. 

The  concluding  session  of  the  Institute  was  held  in  the  hall  of 
Blue  Ridge  Springs  Hotel  on  Wednesday  evening. 

Mr.  J.  P.  Witherow,  of  Pittsburgh,  read  a  paper  on  The  New  Fur- 
nace of  the  Crozer  Steel  and  Iron  Company,  followed  by  Professor 
C.H.  Hitchcock,  of  Hanover,  N.  H.,  on  The  Geological  Position  of  the 
Philadelphia  Gneisses. 

Dr.  Egleston  announced  the  death  of  Professor  Gruner^  of  Paris, 
one  of  the  honorary  members  of  the  Institute,  and  gave  a  sketch  of 
his  professional  career.  Mr.  Charles  A.  Ashburner  spoke  of  the 
great  loss  the  Institute  had  sustained  in  the  death  of  Mr.  James 
Park,  Jr.,  of  Pittsburgh.  President  Hunt  also  spoke  feelingly  of 
Mr.  Park's  noble  and  useful  life. 

The  following  papers  were  then  read  by  title : 

Leaching  of  Gold  and  Silver  Ores.  By  Dr.  T.  Egleston,  of  New 
York. 

Treatment  of  Slimes.    By  F.  G.  Coggin,of  Lake  Linden,  Michigan. 

The  Langdon  Gas  Producer.    By  N.  M.  Langdon,  of  Chester,  N.  J. 

Determination  of  Manganese  in  Ferro-manganese,  Spiegeleisen, 
etc.     By  Magnus  Troilius,  of  Philadelphia. 

The  Copper  Deposits  of  South  Mountain.  By  C.  Hanford 
Henderson,  of  Philadelphia. 

The  Shelf  Dry-kiln.     By  C.  A.  Stetcfeldt,  of  New  York. 

The  Schvvartzkoj)pf  Control  and  Safety  Apparatus  for  Steam 
Boilers.     By  C.  A.  Stetefeldt. 
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Repairs  and  Improvements  at  Cedar  Point  Furnace.  By  T.  F. 
"Witlierbce,  of  Port  Henry,  X.  Y. 

Notes  on  the  Geology  of  Alabama.  Communicated  by  Dr.  R.  W. 
Raymond,  of  New  York. 

Tiie  Geologico-Geographioal  Distribution  of  the  Iron  Ores  of  the 
Eastern  United  States.  By  Professor  J.  C.  Smock,  of  New  Bruns- 
wick, N.  J. 

Tlie  Volumetric  Determination  of  Manganese.  By  Mr.  J.  B. 
Mackintosh,  of  Hoboken,  X.  J. 

Notes  on  the  Construction  of  Large  Chimneys.  By  P.  Barnes,  of 
Elgin,  Illinois. 

The  following  persons,  proposed  as  members  and  associates  of 
the  Institute,  and  approved  by  the  Council,  were  then  unanimously 
elected : 

MEMBERS. 


Charles  M.  Atkins,  Jr., 
J.  B.  Austin, 
P.  H.  Broun, 

D.  "W.  Brunton, 
S.  B.  Christy, 
W.  S.  Clayton, 
W.  W.  Coe,     . 
Albert  L.  Colby,      . 
H.  E.  Col  ton, 

C.  F.  Conrad, 
J.  H.  Converse, 
Robert  A.  Cook, 
Samuel  A.  Crozer,  Jr., 

E.  C.  Darley,  . 
Lsaac  Fegel y,  . 
P.  L.  Fox,'  . 
R.C.Fulton, 
C.  B.  Going,  . 
John  Graham,  Jr., 

F.  A.  Hemmer, 

G.  C.  Hewitt, 
C.  B.  Houston, 
Henry  G.  Howe,     . 
Edward  S.  Hutter, 
Thomas  James, 

E.  Landsberg, 
Walter  L.  Lawrence, 
R.  H.  Lee,  Jr.,       . 
A.  E.  Lehman, 
G.  A.  Longnecker, 
James  Meily, 
Edward  Orton, 


Pottsville,  Pa. 
Roanoke,  Va. 
Pottsville,  Pa. 
New  York  City. 
Berkeley,  Cal. 
Baltimore,  Md. 
Roanoke,  Va. 
New  York  City. 
Nashville,  Tenn. 
Roanoke,  Va. 
Philadelphia. 
Bethlehem,  Pa. 
Roanoke,  Va. 
St.  Louis,  Mo. 
Pottstown,  Pa. 
Philadelphia. 
Conshohocken,  Pa. 
Cincinnati,  Ohio. 
.    Pearisburg,  Va. 
.  New  York  City. 
Winifrede,  W.  Va. 
Thurlow,  Pa. 
Tombstone,  Ariz. 
Houston  Mines,  Va. 
Braddock,  Pa. 
Aix-la-Chapelle,  Prussia. 
Linlithgow,  N.  Y. 
.     Lewistown,  Pa. 
Philadelphia. 
Dillsburg,  Pa. 
Wilmington,  Del. 
.  Columbus,  Ohio. 
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John  C.  Patterson, 
Leonard  Peckitt,     . 
Enocli  Phillips,       . 
Frank  M.  Pierce,    . 
H.  O.  Reinhardt,    . 
William  E.  Rider, 
William  L.  Sanuilcrs, 
Erich  Schaiifuss,     . 
Otto  Stalman, 
William  F.  Staunton, 
John  H.  Strauch,    . 
George  F.  Swain,    . 
John  J.  Tierny, 
C.  S.  Westbrook,     . 
John  Wilkes, 
Lewis  Williams, 
Eugene  B.  Wilson, 
J.  Marshall  Young, 


Charles  D.  Bell,     . 
J.  Lawrence  Campbell, 
J.  C.  Ferris,  . 
F.  L.  Garrison, 
E.  B.  Gosling, 
Dunbar  F.  Haasis, 
William  S.  Humbert,    . 
William  B.  Lamberton, 
William  Newbough, 
George  S.  Prindle, 
T.  W.  Ridsdale,     . 
T.W.Simpson,      . 
Webster  D.  Smith, 
James  B.  White,  . 


ASSOCIATES, 


Lebanon,  Pa. 

Reading,  Pa. 

Catasauqua,  Pa. 

New  York  City. 

Chihuahua,  Mex. 

New  York  City. 

New  York  City. 

Wilkes-Bari^e,  Pa. 

Lake  Linden,  Mich. 

New  York  City. 

Pottsville,  Pa. 

Boston,  Mass. 

Tremont,  Pa. 

Keeneville,  N.  Y. 

Charlotte,  N.  C. 

Bisbee,  Ariz. 

Diifton,  Pa. 

Easton,  Pa. 


Philadelphia. 

Liberty,  Va. 

Carthage,  111. 

Philadelphia. 

New  York  City. 

Brooklyn,  N.  Y. 

New  York  City. 

.  Ilarrisburg,  Pa, 

New  York  City. 

Washington,  D.  C. 

Brooklyn,  N.  Y. 

Roanoke,  Va. 

Paint  Creek,  W.  Va. 

.    Pittsburgh,  Pa. 


The  status  of  the  following  associates  was  changed  to  member  : — ■ 
W.  P.  Butler,  N.  W.  Perry,  E.  G.  Stoiber  and  PI.  A.  Van  Tassel. 

On  motion,  it  was  unanimously  voted  that  the  secretary  be  directed 
to  give  suitable  expression  of  the  hearty  appreciation  of  the  members 
of  the  Institute  of  the  courtesies  wliich  had  been  extended  to  them 
by  the  Shenandoah  Valley,  the  Norfolk  and  Western,  the  Richmond 
and  Allegheny,  the  East  Tennessee,  Virginia  and  Georgia,  and  the 
East  Tennessee  and  Western  Noith  Carolina  Railroad  companies,  by 
the  citizens  of  Roanoke  and  Lynchburg,  and  by  the  many  corpora- 
tions and  individuals  who  had  exerted  themselves  to  make  the 
meeting  successful  and  profitable. 

P^he  meeting  was  then  declared  adjourned,  and  the  members  and 
ladies  returned  to  Roanoke  for  the  nisrht. 
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On  Thm-silay  an  early  start  was  made  by  special  train  on  the  Nor- 
folk ami  Western  Railroad  for  the  Flat  Top  coal  fields  on  the  New 
River  Division.  At  Pocahontas,  the  mines  and  coke  ovens  of  the 
Southwest  A'irginia  Improvement  Company  were  inspected,  and  the 
members  were  kindly  jirovided  with  lunch  by  the  Company.  Re- 
turning from  Pocahontas,  the  party  proceeded  to  Wytheville,  where 
they  were  entertained  for  the  night  by  its  hospitable  citizens. 

On  Friday  the  trip  was  resumed  westward  on  the  Norfolk  and 
"Western  Railroad  and  over  the  East  Tennessee,  Virginia  and  Geor- 
gia Railroad,  to  Johnson  City,  Tennessee,  where  the  narrow-gauge 
cars  of  the  East  Tennessee  and  Western  North  Carolina  Railroad 
were  in  waiting  and  conveyed  the  party  through  wild,  mountainous 
scenery  to  the  Cranberry  ]N[ine  (in  North  Carolina),  of  the  Cran- 
berry Iron  and  Coal  Company.  On  arrival.  General  A.  Pardee,  Jr., 
President  of  the  Company,  received  the  members,  who  were  given 
opportunity  to  inspect  the  underground  workings.  The  party  then 
returned  to  Roanoke,  arriving  about  midnight. 

During  the  two  days  of  the  excursion  meals  were  served  in  the 
cars  by  the  thoughtful  generosity  of  the  citizens  of  Roanoke  and 
others  of  the  local  committees. 

Tiie  following  members  and  associates  were  present  at  the  meeting : 


William  H.  Adams, 
E.  C.  Appleton, 
Charles  A.  Ashburner, 
J.  B.  Austin, 
W.  Lawrence  Austin, 
Edward  Bailey,  Jr., 
Richard  D.  Baker, 
C.  R.  Boyd, 
Alfred  F.  Brainerd, 
George  W.  Bramwell, 
J.  H.  Bramwell, 
Stuart  M.  Buck, 
L.  Dimcan  Bulkley, 
J.  Lawrence  Campbell, 
R.  C.  Canby, 
H.  M.  Chance, 
James  E.  Clayton, 
W.  S.  Clayton, 
W.  W.  Coe, 
H.  B.  Colbum, 
C.  F.  Conrad, 
Edgar  S.  Cook, 
Samuel  A.  Crozer,  Jr., 


Asbury  Derland, 
Fred  P.  Dewey, 
E.  V.  d'Invilliers, 
Henry  S.  Drinker, 
Thomas  M.  Drown, 
Thomas  Dunlap, 
T.  Egleston, 
Michael  Fackenthall, 
J.  W.  Farqnhar, 
Isaac  Fegely, 
Persifor  Frazer, 
John  Graham,  Jr , 
Edward  Grid  ley, 
Edward  Hart, 
C.  Ilanford  Henderson, 
G.  C.  Hewett, 
C.  n.  Hitchcock, 
Jed.  Hotchkiss, 
C.  B.  Houston, 
R.  W.  Hunt, 
William  .Jolliffe, 
Frank  King, 
C.  O.  Lagerfelt, 
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J.  S.  Lane, 
Edward  K.  Land  is, 
N.  M.  Langdon, 
W.  A.  Lathrop, 
A.  E.  Lehman, 
James  F.  Lewis, 
Joiin  C.  Long, 
J.  A.  Longnecker, 
A.  S  McCreath, 
Charles  Macdonald, 
William  G.  Neilson, 
J.  M.  Old  way, 
Edmnnd  C.  Pechin, 
Enoch  Phillips, 
John  B.  Porter, 
T.  D.  Rand, 


Ellen  H.  Richards, 
R.  H.  Richards, 
Percival  Roberts, 
Pedro  G.  Salom, 
Richard  H.  Sanders, 
P.  W.  Sliimer, 
Albert  Spies, 
E.  Gybbon  Spilsbury, 
John  Stevenson,  Jr., 
John  M.  Stinson, 
N.  Allen  Stockton, 
H.  A.  Strode, 
William  Thaw,  Jr., 
Willard  P.  Ward, 
J.  P.  Witherow, 
James  Witherspoon. 
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THE  lEON  OBES  OF  THE  VALLEY  OF  VIBGINIA. 

BY  ANDREW  S.   Mi  CREATH,    HARRISBURG,    PA. 

I  HAVE  recently  been  called  upon  by  the  Shenandoah  Valley  and 
the  Norfolk  and  Western  Railroad  companies  to  make  an  examination 
of  the  iron  ores  in  the  Valley  of  Virginia  tributary  to  their  lines  of 
railway,  and  it  has  been  suggested  to  me  that  a  brief  statement  in  re- 
gard to  some  of  the  more  important  points  might  prove  interesting 
to  my  fellow-members  of  the  Institute  at  this  meeting. 

The  Valley  of  Virginia,  so  called,  extends  from  the  Potomac  to 
the  Tennessee  line,  a  distance  of  about  330  miles.  It  forms  part  of 
the  Great  I^imestone  Valley  which  traverses  in  an  unbroken  line 
the  States  of  Xew  York,  Xew  Jersey,  Pennsylvania,  Maryland,  Vir- 
ginia, and  Tennessee.  In  Xew  York  State  it  is  called  the  Walkill 
Valley;  in  Eastern  Pennsylvania,  the  Kittatinny  Valley ;  in  Middle 
Pennsylvania,  the  Lebanon  or  Cumberland  Valley ;  in  Virginia, 
the  Shenandoah  or  Winchester  Valley,  the  Roanoke  Valley,  the 
James  River  Valley,  and  the  Xew  River  Valley ;  and  further  south, 
the  Valley  of  East  Tennessee. 

Two  ranges  of  mountains  hem  the  valley  in.  The  range  on  the 
southeast  is  called  the  South  Mountain  in  Pennsylvania;  the  Blue 
Ridge,  with  its  southwest  prolongations  Poplar  Camp  and  Iron 
Mountain,  in  Virginia;  and  the  Smoky  Mountains  in  Tennessee. 
The  range  on  the  northwest  is  usually  called  the  North  Mountain ; 
but  it  has  such  local  names  as  Shawangunk,  Kittatinny,  Blue,  and 
Brushy  Mountain. 

The  primary  rocks  consisting  of  granitic  strata  (gneiss)  and  crys- 
talline slates  (mica  slate,  chlorite  slate,  etc.)  form  the  Eastern  Blue 
Ridge,  while  the  Primal  or  Potsdam  sandstone  formation  lies  upon 
its  western  slope  along  the  southeast  edge  of  the  valley. 

The  valley  itself  varies  in  width  from  ten  to  twenty  miles,  and  its 
floor  is  composed  of  two  different  kinds  of  rock,  limestone  and  slate, 
separated  from  each  other  by  an  irregular  line  running  along  the 
middle  of  the  valley,  its  whole  length  ;  the  limestone  land  stretching 
to  the  foot  of  the  South  Mountain,  and  the  slate  land  stretching  to 
the  foot  and  up  the  slope  of  the  Xorth  Mountain. 
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The  North  Mountain  consists  of  Upper  Silurian  rocks, — Oneida 
conglomerate  and  Medina  sandstone,  Formation  No.  IV. ;  except  in 
Southern  Virginia,  where  by  reason  of  the  great  upthrow  faults,  the 
Vespertine  or  Pocono  sandstone,  Formation  No.  X.,  makes  the  North 
or  Brushy  Mountain. 

It  will  be  sufficient,  however,  for  my  present  purpose  to  consider 
only  the  two  great  geological  formations:  No.  I.,  the  Primal  or 
Potsdam  sandstone  formation  ;  and  No.  II.,  the  lower  Silurian  lime- 
stone formation ;  for  it  is  in  these  that  nearly  all  of  the  ores  which 
I  have  examined  occur. 

Formation  No.  I. 

The  Primal  or  Potsdam  sandstone  formation  consists  of  con- 
glomerates, sandstones,  and  slates,  and  it  may  be  conveniently  di- 
vided into(l)  lower  slates,  (2)  sandstones,  and  (3)  upper  slates. 

First.  In  the  lower  slates,  or  those  geologically  underneath  the 
Potsdam  sandstone,  occurs  a  red  hematite  ore,  sometimes  in  beds  of 
considerable  thickness  and  of  good  quality.  This  is  the  so-called 
"specular  ore"  of  the  Blue  Ridge,  and  it  has  been  quite  extensively 
developed  at  numerous  points,  notably  in  Botetourt  and  Bedford 
counties.  In  Northern  Virginia  the  ore  is  generally  very  lean, 
being  little  better  than  a  ferruginous  sandstone.  But  over  large 
areas  it  is  a  fairly  rich  ore  carrying  from  40  to  45  per  cent,  metallic 
iron,  with  the  phosphorus  varying  from  0.25  to  0.60  per  cent.  The 
siliceous  matter  varies  from  25  to  35  per  cent.,  and  consists  for  the 
most  part  of  small  grains  of  quartz.  The  ore  occurs  in  beds  vary- 
ing from  18  to  48  inches  in  thickness,  although  beds  of  much  greater 
thickness  have  been  reported.  The  following  is  a  complete  analysis 
of  a  sample  of  this  ore  from  the  "Pollard  cut"  on  the  Arcadia  fur- 
nace property  in  Botetourt  county: 

Protoxide  of  iron, 1.221 

Sesquioxide  of  iron,  ...'....     55.928 
Sesquioxide  of  manganese,         .....         .043 

Altiniina, 1.808 

Lime, 730 

Magnesia, 706 

Sulpluiric   acid 007 

Phospiioric  acid, 607 

Water, 3.144 

Siliceous  matter, 35.090 

99.884 
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Metallic  iron, 40.100 

Metallic  mangjinese, 030 

Sulphur 003 

Phosphorus, 2(55 

Phosphorus  in  100  parts  iron C60 

Seooiul.  In  the  Potsdam  sandstorle  itself,  important  beds  of  iron 
ore  have  been  observed.  The  ore  is  o;enerally  a  ch)se-grained,  brittle, 
dark  brown  hematite,  iiivaiiably  eold-short.  In  Roekbridge  County 
a  beil  of  it  fully  ten  feet  thick  is  exposed  for  a  considerable  distance 
on  the  Vesuvius  property. 

The  ores  from  this  horizon  will  probably  average  50  per  cent. 
metallic  iron,  with  about  one  and  a  quarter  per  cent,  phosphorus. 
Their  composition  is  such  that  they  are  peculiarly  adapted  to  the 
manufacture  of  pig-iron  for  conversion  into  steel  by  the  basic  pro- 
cess; as  it  has  been  found  that  a  pig-iron  with  about  two  and  one- 
half  per  cent,  phosphorus  gives  the  most  satisfactory  results.  The 
following  complete  analysis  of  a  sample  from  the  "  cold-short "  bank 
on  the  Vesuvius  property,  Rockbridge  County,  will  show  the  ulti- 
mate composition  of  the  ores  of  this  horizon  : 

Sesquioxide  of  iron, 74.893 

Sesquioxide  of  manganese,       .....        .433 

Sesquioxide  of  cobalt, 030 

Oxide  of  zinc,  ........      none. 

Alumina, 1.005 

Lime, 740 

Magnesia, 360 

Sulphuric  acid,  .         .         .         .         .         .         .         .012 

Phosphoric  acid, 3.357 

Water 11.318 

Siliceous  matter, 8.050 

100.198 

Metallic  iron,     .         .     ' 52.425 

Metallic  manganese, .......        .302 

Sulphur, 005 

Phosphorus,       ........       1.466 

Phosphorus  in  100  parts  iron,  .....       2.796 

Third.  The  upper  slates,  however,  are  by  far  the  most  important 
from  an  economical  standpoint,  forming,  as  they  do,  one  of  the 
richest  repositories  of  brown  hematite  iron-ore  in  Virginia.  They 
intervene  between  the  Potsdam  sandstone  and  the  base  of  the  cal- 
ciferous  limestone,  and  they  are  found  all  along  the  western  slope 
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of  the  Blue  Ridge — being  geologically  coextensive  with  it.  They 
are  generally  more  or  less  disintegrated,  or  decomposed  into  varie- 
gated clays;  and  wliile  they  may  not  always  carry  a  continuous  ore- 
bed,  yet,  wherever  the  formation  exists,  deposits  of  iron-oi*e  of  greater 
or  less  extent  may  be  confidently  looked  for. 

It  is  this  horizon  which  has  supplied  a  large  amount  of  iron-ore 
to  the  l)last-furnaces  of  Pennsylvania,  and  it  has  been  the  source  of 
practically  the  whole  of  the  stock  of  the  old  charcoal  furnaces  of  the 
Shenandoah  Valley  ;  to  the  Shenandoah  Iron  Company's  furnaces, 
from  the  noted  Smith  and  Fox  Mountain  ore-banks,  in  Page  and 
Rockingham  counties;  the  old  Mount  Torry  furnaces  in  Augusta; 
Cotopaxi,  Buena  Vista,  Vesuvius,  and  Glenvvood  furnaces  in  Rock- 
bridge, and  the  Arcadia  and  Cloverdale  furnaces  in  Botetourt  County. 
The  new  modern  coke  furnace  recently  established  at  Roanoke  by 
the  Crozer  Steel  and  Iron  Company  will  also  be  largely  supplied 
with  ores  found  in  this  formation  at  the  company's  mines  in  the 
so-called  Cloverdale  ore-belt. 

It  would  be  tedious  to  mention  all  the  localities  where  large  de- 
posits have  been  developed,  and  are  now  being  successfully  worked; 
and  the  increased  railroad  facilities  afforded  by  the  completion  of 
the  Shenandoah  Valley  Railroad,  will  doubtless  be  the  means  of 
greatly  stimulating  their  further  development  by  more  thorough  and 
systematic  methods  of  mining. 

The  average  character  of  the  ore  is  good,  and  in  some  localities  it 
is  exceptionally  fine.  The  average  of  thirty-one  carefully-selected 
samples  shows  the  following:  Metallic  iron,  49.956  ;  phosphorus, 
0.399;  siliceous  matter,  12.459.  The  iron  varies  from  38.95  to  56.55 
per  cent.,  and  the  phosphorus  from  .061  to  1.266  per  cent.  Eighteen 
of  the  samples  show  considerably  over  50  percent,  metallic  iron,  and 
only  one  sample  shows  less  than  40  per  cent. 

The  following  complete  analyses  will  represent  the  character  of 
some  of  the  more  important  deposits.  The  samples  represent  the 
lum,p  ore  alone;  and  the  ores  were  dried  at  212°  F.  previous  to  an- 
alysis: 
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Xo.  1. 

Xo.  2. 

Xo.  3. 

No.  4. 

Sesquioxide  of  imn.    . 

.       74.t57S 

75.321 

77.643 

74.571 

Se>!qnox'ule  of  m:»ns;anesv?, 

4.G19 

1.831 

.568 

2.038 

Sosiidioxide  of  oob.ilt, 

.080 

.130 

.020 

none. 

Oxide  of  zinc,    .         .         .         . 

.040 

.050 

trace. 

none. 

Alimiina,    .... 

L415 

2.100 

.747 

.951 

Riryta,        .... 

none. 

none. 

none. 

.040 

Lime 

.670 

.550 

.430 

.550 

Magnesia,    .... 

.320 

.331 

.324 

.350 

Snlphiiric  acid,   . 

.0o2 

.025 

.040 

.040 

Pliosphoric  acid, 

.233 

.609 

.446 

.444 

Water,         .... 

.       n.810 

12.393 

10.310 

10.822 

Siliceous  matter, 

6.310 

6.910 

9.390 

10.450 

100.227 

100.255 

99.918 

100.262 

Metallic  iron, 

.       52275 

52.725 

54.350 

52.200 

Metallic  manganese,  . 

3.216 

1.275 

,396 

1.419 

Sulphur 

.021 

.010 

.016 

.016 

Plio-jphorus, 

.102 

.266 

.195 

.194 

Phosphorus  in  100  parts  iron, 

.195 

.504 

.358 

.371 

Xo.  1.  Donovan  property,  Beverly  Ore  Company,  Page  County. 

No.  2.  Fox  Mountain  bank,  Slienandoah  Iron  Company,  Rockingham  County. 

No.  3.  Buena  Vista  Furnace  properly,  Rockbridge  County.  . 

No.  4.  Houston  mines,  Nos.  5  and  6  openings,  Botetourt  County. 

It  has  been  j)art  of  ray  duties,  as  chemist  for  the  Second  Geologi- 
cal Survey  of  Penn.sylvania,  to  sample  and  analyze  every  important 
deposit  of  brown  hematite  ore  that  has  been  opened  up  along  the 
flunk  of  the  South  Mountain  in  Pennsylvania — wliieh  is  simply  a 
continuation  northwards  of  this  same  ore-belt.  The  average  of  forty- 
six  .samples  from  the  Cumberland  Valley  shows  :  Metallic  iron, 
42.0-3  ;  phospiiorus,  .464  per  cent. ;  and  it  is  believed  that  the  brown 
hematite  ores  at  present  being  mined  in  the  Lehigh  Valley  will  not 
average  over  40  per  cent,  metallic  iron  in  the  furnace.  It  will  thus 
be  seen  tiiat  the  ores  from  this  horizon  in  the  Valley  of  Virginia 
rank  considerably  above  the  average. 

In  these  upper  slates  are  also  found  important  deposits  of  man- 
ganiferous  iron  ores,  some  of  which  might  be  used  in  tiie  manufac- 
ture of  Spiegel.  The  average  of  six  samples  analyzed  shows:  Me- 
tallic iron  31.04,  metallic  manganese  19.12  =  50.7G,  total  metallic 
contents,  with  the  phosphorus  averaging  .130  per  cent.  The  varia- 
tions are  as  follows:  Iron,  from  12.325  to  47.15;  manganese,  from 
7.277  to  44.312;  and  phosphorus,  from  .OGl  to  .265  per  cent.,  with 
the  average  as  stated  above. 

In  addition  to  these,  rich  deposits  of  a  very  pure  manganese  ore 
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have  been  successfully  worked  for  a  number  of  years.  Thus  far  the 
most  important  is  that  at  the  Crimora  mines  in  Augusta  County; 
and  the  deposit  seems  so  large,  and  the  ore  is  of  such  fine  quality, 
that  I  give  in  detail  the  analysis  of  an  average  sample  of  the  lump 
ore,  now  quite  extensively  shipped  to  England  : 

Binoxide  of  manganese,    ......     81.703 

Protoxide  of  manganese, 7.281 

Sesquioxide  of  iron,  ......         .533 

Oxide  of  cobalt, 354 

Oxide  of  nickel 096 

Oxide  of  zinc, 623 

Oxide  of  copper, none. 

Alumina,  .....         i         ..         .         .896 

Baryta, 829 

Lime, 880 

Magnesia, 630 

Sulphuric  acid, none. 

Phosphoric  acid, 171 

Alkalies, 467 

Water, 3.405 

Silica 2.132 

100.000 

Metallic  manganese, 57.291 

Metallic  iron, 373 

Phosphorus,       .....'...        .075 

Formation  No.  II. 

In  the  body  of  the  Great  Limestone  Formation,  No.  II.,  are  found 
innumerable  caverns  and  pot-holes,  now  filled  with  brown  hematite 
iron-ore.  Although  such  deposits  may  prove  somewhat  irregular, 
yet  their  extent  is  often  very  great,  and  they  have  yielded  large  quan- 
tities of  the  finest  quality  of  ore. 

In  the  northern  part  of  the  Valley  of  Virginia  these  limestone 
ores  have  not  been  developed  to  any  great  extent,  but  in  Southwest 
Virginia  they  have  furnished  practically  the  whole  of  the  stock  to 
the  charcoal  furnaces  of  the  district.  Commencing  at  Mack's  Creek, 
near  New  River,  and  pursuing  a  course  parallel  to  Poplar  Camp 
and  Iron  Mountains  for  a  distance  of  thirty  or  forty  miles,  they  have 
been  developed  in  large  quantity  and  of  remarkable  purity.  This 
is  generally  known  as  the  New  River-Cripple  Creek  ore-belt;  and 
the  cold-blast  charcoal  furnaces  of  Wythe  County,  whose  iron  is  in 
such  good  repute  for  car-wheel  purposes,  draw  their  supply  of  ore 
exclusively  from  this  belt. 
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The  ore  occurs  crenerally  mixed  with  clay  in  clefts  and  cavities  in 
the  limestones,  and  toine  of  tiie  deposits  have  been  proven  to  u  depth 
of  over  a  hundred  feet.  The  bulk  of  the  ore  is  wash-ore,  and  the 
wash  material  will  averaj^je  fully  one-half  clean  ore.  At  some  points, 
however,  the  workings  show  quite  a  good  deal  of  lump  ore;  and  this 
not  infrequently  carries  an  appreciable  amount  of  iron  pyrites,  which 
occurrence  may  be  suggestive  of  the  origin  of  the  ore.  The  superior 
quality  of  the  ore  is  shown  by  the  analyses  of  seventeen  samples 
from  ditferent  localities,  yielding  an  average  of:  Metallic  iron,  54.514; 
pho-^phorns,  O.IOG ;  siliceous  matter,  7.094  per  cent.  The  iron  varies 
from  49.00  to  57.20;  the  phosphorus  from  .048  to  .197;  and  the 
siliceous  matter  from  3.60  to  13.93.  Nine  of  the  samples  show  over 
55  per  cent,  metallic  iron,  and  only  one  contains  less  than  50  per 
cent. ;  and  in  no  case  is  the  phosphorus  over  .200.  The  general 
character  of  these  limestone  ores  may  be  represented  by  the  follow- 
ing complete  analyses : 


Bisulphide  of  iron,   . 
Protoxide  of  iron,     . 
Se^quioxide  of  iron, . 
8esquioxide  of  manganese, 
Oxides  of  nickel  and  cobalt, 


No.  1.  No.  2. 

none.  .064 

none.  .047 

76.214  80.618 

.051  .103 

.040  .060 

Oxide  of  zinc, none.  .150 

Oxide  of  lead, none.  .184 

Oxide  of  copper, none.  trace. 

Alumina 2.365  1.476 

Lime, 820  .750 

Magnesia, 486  .515 

Sulpliuricacid, 157  .092 

Phosphoric  acid, 171  .110 

Water, 12.072  11.174 

Siliceous  matter 7.480  4.500 

99.843 


99.856 


No.  3. 

none. 

none. 
73.107 

1.334 
.110 
.220 

none. 

none. 

1.410 
.710 
.677 
.012 
.451 
10.576 
11.510 

100.117 


Metallic  iron,    . 

Metallic  manganese, 

.Sulphur,    .... 

Phosphorus, 

Phosphorus  in  100  parts  iron, 


53.350 
.036 
.063 


.075 
.140 


56.500 
.072 
.071 
.048 
.085 


No.  1.  Rich  hill  or  Forney  property,  near  New  River. 

No.  2.  New  River  Mineral  Company's  property  (Van  Liew's). 

No.  3.  Speedwell  Furnace  property. 


51.175 
.929 
.005 
.197 
.384 


In  addition  to  the  ores  already  mentioned,  I  desire  to  call  atten- 
tion to  another  remarkable  group  of  ores  occurring  in   the  Great 
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Limestone  Formation,  and  found  at  several  points  in  Southwest 
Virginia  and  Eastern  Tennessee,  viz.:  red  hematite  and  magnetic 
iron  ores.  These  may  be  said  to  be  as  yet  practically  undeveloped, 
for  the  ores  were  found  to  be  too  refractory  for  the  small  cold-blast 
chaix'oal  furnaces  of  the  district,  and  the  lack  of  railroad  facilities 
prevented  their  finding  an  outside  market. 

Sometimes  the  ore  is  a  dense,  fine-grained,  red  hematite,  with  a 
steel-blue  color  on  fresh  fracture,  as  at  the  Sharp,  Thomas,  and 
Crockett  banks  in  Sullivan  County,  Tennessee;  again,  it  is  a  fine 
rich  magnetic  ore,  as  shown  at  the  Ripplemead  mine  on  New  Kiver 
near  Pearisbnrg,  Giles  County,  Virginia,  from  which  about  5000 
tons  have  recently  been  mined  and  shipped  to  Harrisburg,  Pittsburgh, 
and  other  points.  Sometimes  the  ore  changes  into  brown  hematite; 
and  indeed  all  three  varieties  may  occasionally  be  found  in  the  same 
opening.  But  whether  the  ore  be  red  or  brown  hematite,  or  magne- 
tite, it  seems  to  possess  the  uniform  feature  of  being  very  free  from 
phosphorus.  An  exception  might  perhaps  be  sometimes  made  as  to 
the  magnetite.  At  some  points  tiiis  has  been  found  to  be  more  or 
less  impregnated  with  slaty  material,  and  when  this  is  the  case,  the 
phosphorus  may  run  somewhat  higher;  for  I  have  observed  that 
quite  an  appreciable  amount  of  phosphorus  is  sometimes  carried  in 
the  slate.  But  when  the  ore  is  free  from  this  slaty  gangue,  the  per- 
centage of  phosphorus  is  invariably  low;  and  even  where  the  ore 
carries  considerable  slate,  the  phosphorus  has  never  been  found  over 
one-tentii  of  one  per  cent.  It  may  prove  interesting  to  note  here 
that  the  magnetite  is  generally  strongly  impregnated  with  carbona- 
ceous matter,  sometimes  to  the  extent  of  two  or  three  per  cent. 

At  the  Sharp  and  Thomas  banks  in  Sullivan  County,  Tennessee, 
the  ore  (red  hematite)  is  reported  from  5  to  10  feet  thick,  between 
walls  of  limestone;  but  owing  to  the  difficulty  of  reducing  these 
hard,  dense  ores  in  the  small  local  furnaces,  the  openings  have  long 
been  abandoned.  Increased  railroad  facilities  and  the  present  de- 
mand for  high-grade  ores  will  doubtless  be  the  means  of  having 
these  deposits  receive  the  attention  which  the  fine  quality  of  their 
ore  seems  to  justify.  The  analyses  of  9  samples  of  the  red  hematite 
and  magnetic  ores  yield  the  following  average :  Metallic  iron,  62.094; 
phosphorus,  .032;  siliceous  matter,  5.290.  The  iron  varies  from 
56.05  to  66.47;  the  phosphorus  from  .020  to  .051;  and  the  siliceous 
matter  from  2.39  to  7.90.  Separate  analyses  of  4  samples  of  the  ac- 
companying brown  hematite  show  an  average  of:  Metallic  iron, 
54.532;  and  phosphorus,  .031. 
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The  following  complete  analy!>es  will  show  the  general  character 
of  tiiese  ores : 

No.  1. 
Protoxide  of  iron 12.117 


Sestpiioxide  of  iron,    . 
Ses«.juioxide  of  manganese, 
Alnmina,    .... 
Lime,  .... 

Magnesia,  .... 
Sulphuric  acid,  . 
Phosphoric  acid. 
Carbonic  acid,     . 
Water  and  carbonaceous  matter, 
Siliceous  matter, 


(iO.GO? 
none. 
2.197 
1.890 
1.982 
.150 
.082 
1.806 
5.458 
7.760 


100.049 


Metallic  iron, 56  050 

Sulphur 060 

Phosphorus,        .        .        .        .        .        ,         .         .036 
Phosphorus  in  100  p.irts  iron, 064 


No.  2. 

1.928 
90.214 

none. 

1.863 
.500 
.317 
.020 
.050 

none. 

1.834 

2.975 

99.701 

64.650 
.008 
.022 
.034 


No.  1.  GoUeher  bank,  Washington  County,  Virginia.     Magnetic  iron  ore. 
Xo.  2.  Crockett  bank,  Sullivan  County,  Tennessee.     Red  hematite. 


In  view  of  the  fact  that  the  iron  ores  of  the  Valley  of  Virginia 
are  of  such  superior  quality, — and  there  is  sufficient  evidence  that 
they  exist  in  large  quantity, — it  may  well  be  asked,  why  have  they 
not  been  more  largely  developed?  Two  reasons  may  be  given,  and 
these  are:  1.  Previous  lack  of  railroad  facilities,  and  2.  An  insuffi- 
cient .supply  of  fuel  for  reducing  the  ores  in  the  blast  furnace.  Al- 
though ever  since  early  Colonial  times,  numerous  small  charcoal 
furnaces  have  been  operated  from  time  to  time,  producing  a  fine 
quality  of  pig  metal,  yet  the  lack  of  facilities  for  getting  their  product 
to  market,  and  the  gradual  diminution  of  their  fuel  supply,  together 
with  the  ravages  caused  by  the  late  war,  have  not  only  greatly  retarded 
their  extension  but  have  prevented  the  establishment  of  other  enter- 
prises. These  obstacles,  however,  have  now  been  overcome  by  the 
completion  of  the  Shenandoah  Valley  Railroad  from  Hagerstown  to 
Roanoke,  thus  affording  ample  railroad  facilities;  and  by  the  build- 
ing of  the  Xew  River  division  of  the  Norfolk  and  Western  Railroad 
to  open  up  the  great  Flat  Top  coal  region,  with  its  superior  coking 
coals.  The  Xew  River-Crip[)le  Creek  ore-belt  will  soon  be  supplied 
with  convenient  railway  communication,  for  a  branch  road  has  al- 
ready been  located,  and  there  are  good  prospects  that  the  line  will  be 
built  in  the  near  future. 
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During  the  present  year  the  two  pioneer  cohe  furnaces  of  the 
Valley  have  been  started,  and  are  now  in  successful  operation.  The 
Shenandoah  Iron  Company's  furnace  at  Milnes  Station  on  the  Shen- 
andoah Valley  Railroad  was  blown  in  during  the  month  of  February, 
and  it  has  been  producing  from  60  to  70  tons  of  coke-iron  per  day 
ever  since.  The  Crozer  Steel  and  Iron  Company's  furnace  at 
Roanoke  has  just  been  started,  and.it  promises  a  successful  future,  for 
it  has  all  the  modern  and  improved  appliances  combined  with  an  in- 
telligeiTt  management.  Both  of  these  furnaces  will  draw  their  supply 
of  coke  (made  from  Flat  Top  coal)  from  the  ovens  of  tiie  Southwest 
Virginia  Improvement  Company  at  Pocahontas.  This  company 
commenced  operations  in  February,  1882,  by  opening  up  the  Nelson 
or  Big  bed  of  Coal.  They  are  now  building  200  beehive  coke-ovens, 
and  they  expect  to  have  a  daily  production  of  at  least  250  tons  of 
48-hour  coke,  which  output  can  readily  be  increased  to  meet  future 
demands.  In  addition  to  this,  they  will  ship  a  thousand  tons  of 
coal  daily.  Already  in  their  preparations  for  regular  mining,  they 
have  taken  out  from  the  various  drifts  some  40,000  tons  of  coal. 
The  main  drifts  are  9  feet  wide  and  8^^  feet  high,  and  the  mine  will 
be  worked  by  the  double-entry  system  of  mining.  The  quality  of 
the  coal  is  very  fine,  as  shown  by  the  following  analysis  of  samples 
selected  from  five  different  points  in  the  drifts — the  samples  repre- 
senting a  complete  section  of  the  coal  bed  from  roof  to  floor: 

Water, 932 

Volatile  matter, 20.738 

Fixed  carbon, 73.728 

Sulphur, 618 

Ash, 3.984 

100.000 

Phosphorus, 0013 

This  brief  statement  will  suffice  to  show  in  a  general  way  the 
mineral  resources  of  the  Valley.  With  a  convenient  supply  of  the 
finest  quality  of  coke,  which  the  Flat  Top  coal  promises  to  furnish; 
with  a  great  variety  and  abundance  of  excellent  iron  ore,  which  can 
be  cheaply  mined;  and  with  good  railroad  facilities  to  markets  in 
every  direction,  the  iron  interests  of  the  Valley  of  Virginia  seem 
assured  of  a  prosperous  future. 
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THE  OliES  OF  CRIPPLE  CREEK,  VIRGINIA. 

BY  C.    R.    BOYD,    WYTHEVILLE,  VA. 

It  would  be  a  quite  consjenial  task  to  attempt  to  describe  all  that 
extraordinary  mineral  wealth  which  is  now  giving  such  prominence 
to  the  region  from  the  James  River  to  the  Tennessee  line,  adjacent  to 
the  great  lines  of  the  Shenandoah  Valley  and  the  Norfolk  and  West- 
ern railways  ;  but  such  a  task  would  be  impossible  within  the  limits 
of  any  ordinary  paper.  Hence,  in  advance  of  the  fifth  edition  of 
my  book  and  map  on  the  Resoiii'ces  of  Southwest  Virginia,  I  must 
restrict  myself  to  a  limited  but  most  interesting  subdivision  of  this 
remarkable  mineral  belt. 

I  ask  you,  first,  to  go  with  me  sixty  miles  southwest  over  the  firm 
roadbed  of  the  Norfolk  and  Western  Railway  to  a  point  near  Mar- 
tin's or  Swansea;  thence  southwardly  seven  miles  to  the  Culbertson- 
Clark  ore-bank,  on  the  northwest  bank  of  New  River,  in  Pulaski 
County,  Va. — the  best  defined  northeastern  limit  yet  shown  of  the 
Cripple  Creek-New  River  ore-basin.  Though  thrown  out,  apparently, 
just  east  of  Clark's  by  the  uprising  of  the  floor,  these  extensive  de- 
posits continue  southwesterly,  in  a  general  direction,  along  and  on 
both  sides  of  New  River  and  Cripple  Creek,  through  Wythe  County 
into  Smyth,  a  distance  of  more  than  forty  miles,  before  the  floor  again 
rises,  thus  rendering  the  reading  obscure.  The  geological  position  of 
this  basin,  in  the  lower  part  of  No.  II.,  is  generally  admitted.  Its  ores 
are  brown  and  red  ores  of  iron,  with  a  large  proportion  of  magnetic 
ore  above  water  level;  sulphuretted  and  red  iron  ores  below;  zinc 
carbonates  and  silicates,  silico-carbonates,  and  blende ;  lead  sulphurets 
and  carbonates ;  small  quantities  of  copper  ores  ;  barytes,  in  some 
places;  manganese;  manganiferous  iron-ores;  and  limestones,  which 
frequently  graduate  into  dolomite. 

Its  average  width  is  probably  over  a  mile  and  a  half,  but  the  deep 
red  from  its  ores  stains  the  surface  for  a  width  of  over  four  miles.  The 
average  thickness  of  these  truly  interesting  measures  from  floor  to 
roof  exceeds,  by  my  reading,  nine  hundred  feet  vertical  in  the  lead 
and  zinc  or  limestone  band  of  ores  alone ;  while  the  Potsdam  and 
calciferous  ores,  outcropping  on  the  rim  of  the  basin,  occupy  strata 
of  more  than  double  this  thickness. 

Its  cross-sections,  of  still  greater  interest,  taken  on  lines  N.  W. 
and  S.E.  across  the  general  strike,  are  at  (1)  Culbertson-Clark's  ;  (2) 
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Hich  Hill,  Pulaski  County;  (3)  McGavock,  Squier,  Graham,  and 
Robinson,  both  sides  of  New  River ;  (4)  Bertha  and  Falling  Cliff 
Zinc  Mines,  and  Ogles  by-Crawford's;  (5)  Peirce's  Falls  and  Gra- 
ham Old  Banks,  both  sides  of  New  River;  (6)  Wythe  Lead  Mines, 
and  Walton,  both  sides  of  New  River;  (7)  Van  Liew,  Brown  Hill, 
both  sides  of  Cripple  Creek ;  (8)  Peirce,  Chadwell,  Moore  section, 
both  sides;  (9)  Eagle,  Ravencliff,  Huddle  section;  (10)  Francis, 
Mill  Creek,  Irondale  section,  of  remarkable  interest ;  (11)  Dry  Creek, 
Cave  Hill,  Speedwell  section,  both  sides  of  Cripple  Creek;  and  (12) 
the  Cregger  Bank  sections  of  the  White  Rock  Furnace,  all  in  Wythe 
County. 

This  basin  is  separated  by  the  Iron  Mountain  or  Blue  Ridge  forma- 
tion, prolonged  from  the  equally  interesting  band  of  copper  and  iron 
pyrites  and  native  copper  of  Carroll  County,  on  the  southeast,  while 
on  the  north  and  northwest,  within  sixty  miles,  are  two  great  lines 
of  coal  deposits  (one  of  which  includes  Pocahontas),  which  inclose 
between  them  other  series  of  valual)le  iron-ore  deposits,  such  as  those 
at  Ripplemead,  Chestnut  Fiat,  Round  Mountain,  etc.,  which  have  an 
apparent  southwesterly  trend  in  the  direction  of  the  great  deposits 
of  salt  and  gypsum  that  lie  in  the  Holston  Valley  at  and  above  Salt- 
ville. 

(1)   Culberison — Clark  Section. 

Ignoring  for  the  present  the  massive  beds  of  iron-ore  of  the  un- 
derlying slates,  the  Cripple  Creek-New  River  basin  proper  at  Cul- 
bertson's  Bank,  Pulaski  County,  shows  a  face  over  seventy-five  feet 
vertical  of  cellular  brown  iron  ore,  now  being  largely  used  by  Wood's 
Radford  Furnace.  It  yields,  by  analysis,  56  per  cent,  metallic 
iron,  4.00  silica,  and  0.22  phosphorus  in  100  parts  of  iron,  if  care  is 
taken  in  the  selection  of  limestone  for  use  in  the  furnace.  The  op- 
posite side  of  the  river  shows  large  masses  of  zinc  and  lead-bearing 
strata,  as  well  as  iron -ore  of  the  same  series. 

(2)  Rich  Hill  Section. 

Next  to  Culbertson's  Bank,  two  miles  to  the  southwest,  are  the 
extensive  deposits  of  Rich  JPdl,  a  tongue  of  land  lying  between  New 
River  and  Little  Reed  Island  Creek,  an  affluent  on  the  south  side. 
Over  nearly  the  whole  surface  of  this  hill,  from  the  water  to  an  ele- 
vation of  two  hundred  icct  or  more,  the  soil  is  stained  a  deep  red  by 
the  weatherin<>;  and  di.sinteiiration  of  ore:  and  there  is  but  a  small 
portion  of  this  whole  area  (a  mile  and  a  half  N.E.  and  S.W.  by  half 
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a  mile  in  width)  that  the  magnet  would  not  load  itself  when  dragged 
over  the  surface.  This  niiglit  not  have  been  regarded  a  phenomenal 
oceurreniv  if  the  ore  had  not  also  given  marked  evidence  of  polarity 
fifteen  feet  below  the  surface. 

Here  are  found  the  blue  and  white  wavy  limestones  that  charac- 
terize these  lands,  dipping  6°  to  8°  westward,  with  large  outcr()j)s  of 
ore  on  the  river-side  of  the  hill-crest,  as  well  as  on  the  side  next 
Little  l\eed  Island  Creek,  half  a  mile  south.  There  are  about  one 
hundred  acres  on  Hich  Hill  holding  two  great  bands  or  stratifications 
of  iron  ore,  separated  by  thirty  to  thirty-five  feet  of  limestone,  which 
have  a  thickness,  in  places,  exceeding  twenty  feet  vertical,  each,  and 
no  doubt  average  twelve  feet  each  of  clean  ore  for  each  band,  making 
together  an  ore  body  twenty-four  feet  thick  for  the  area  mentioned. 
The  Rich  Hill  ore  contains,  according  to  the  analysis  of  Mr.  A.  S. 
McCreath : 

Metallic  iron 53.350 

Metallic  manganese, 036 

Siilplnir, 063 

Phosphorns,  .         .         .         .         .         .         .         .         .         .075 

Phosphorus  in  100  parts  of  iron, 140 

An  average  of  seven  analyses  of  the  same  ore,  by  Mr.  F.  P.  Dewey, 
is  as  follows: 

Metallic  iron, 55.16 

Phosphorus, 0686 

Phosphorus  in  100  parts  of  iron, 124 

The  bottom  of  this  alternation  of  ore  and  limestone  seems  to  rest 
on  a  quartzose  band. 

The  ores  now  used  at  Reed  Island  furnace,  close  by,  are  obtained 
from  the  southwestern  continuation  of  these  bands  of  ores  and  rocks 
in  lands  adjacent  to  Rich  Hill.  They  show  exposures  of  ore  ex- 
ceeding eighteen  feet  vertical,  with  rocks  dipping  gently  S.W. 

The  ore  appears  here,  as  in  many  other  places  in  this  great  basin, 
as  if  pocketed  at  intervals  in  the  limestone;  but  it  is  evident,  from  a 
long  and  close  study  of  many  pits  and  openings  throughout  the  two 
great  arms  of  the  lead,  that  the  several  strata,  which  are  distinctly 
iron-ore  bands,  were  deposited  in  the  same  plane  with  a  (juantity  of 
finely  triturated  limestone,  probably  in  a  proportion  of  two  or  three 
of  the  former  to  one  of  the  latter.  N^ow  there  is  a  bifurcation  in  the 
outcrop  of  this  remarkable  basin,  one  limb  or  arm  pursuing  a  line 
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through  the  territory  lying  north  of  New  River,  beginning  some- 
where in  the  vicinity  of  Rich  Hill ;  the  other,  pursuing  a  nearly 
parallel  course  along  New  River  and  Cripple  Creek,  mainly  on  the 
south  side  of  both.  Following  one  or  the  other  of  these  two  great 
limbs,  we  find  the  soil  either  deep  red  or  highly  impregnated  with 
magnetic  shot-ore,  for  the  distance  of  forty  miles.  This  condition, 
it  may  be  conjectured,  would  hardly  be  maintained  unless  the  ore 
itself  were  nearly  continuous  between  the  rocks. 

At  the  Reed  Island  beds  there  is  evident  a  remarkable  continuity 
in  the  ore.  The  formation  here,  dipping  8°  or  10°,  with  some  va- 
riability, S.W.,  shows  ore  on  the  surface  for  more  than  a  mile  still 
further  up  Little  Reed  Island  Creek,  going  under  water  (as  to  the 
greater  masses  of  iron-ores)  about  Sayers's,  where  the  pure  sulphuret 
of  iron  shows  below  water  surface,  in  the  bed  of  the  creek.  Then 
the  distinctly  iron-bearing  bands  seem  to  be  overlaid  with  those 
whiter  limestones  and  dolomites  that  hold  the  ores  of  lead  and  zinc, 
which  yield  at  Sayers's  distinct  masses  of  lead  sulphuret, — as  well, 
also,  at  Stephens's,  close  by.  There  is  not  less  that  1000  acres  of  the 
Reed  Island  lands,  outside  of  Rich  Hill,  which  have  the  same  or 
greater  total  vertical  thickness  of  oi'e. 

Mr.  A.  S.  McCreath's  analysis  of  ores  taken  from  the  furnace 
washer,  gave  the  following: 

Metallic  iron, 5-5.300 

Siliceous  matter, 7.270 

Phosphorus, 085 

Phosphorus  in  100  parts  of  iron, 153 

It  may  well  be  accepted  that  much  of  the  ore  will  yield  results 
almost  identical  with  those  at  Rich  Hill ;  particularly  if  a  careful 
selection  is  made  of  limestone  for  fluxing. 

(3)  McGavock,  8qnie7-s,  Graham,  and  Robinson  Section.     (4)  Bertha 
and  Falling  Cliff  Zinc  ITines  Section. 

The  whole  formation  dips  gently  toward  the  west  and  southwest 
for  some  miles,  and  by  the  time  we  reach  the  cross  section  at 
McGavock,  Squires,  Graham,  and  Robinson,  and  the  Bertha  and 
Falling  Cliff  Zinc  mines,  three  and  one-half  or  four  miles  S.  W.  from 
Rich  Hill  and  above  Reed  Island  Creek,  the  main  bodies  of  iron-ore 
bands  are  beneath,  and  the  more  distinctly  lead  and  zinc  subdivisions 
are  on  and  below  the  surface  for  large  areas.  This  is  on  the  south  side 
of  the  river,  while  the  north  side,  in  the  direction  of  Graham's  forge 
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ami  Cedar  Run  furnace,  presents  to  view  tlie  outcrop  of  the  northern 
limb  of  the  same  body  of  iron-ores,  with,  however,  a  small  portion 
of  the  lead  baud  showing  at  Cassell's  on  Reed  Creek,  near  New 
River. 

While  there  are  flattering  surface  indications  of  iron-ore  on  these 
sections  south  of  New  River,  the  great  masses  of  the  ore  seem  to  he 
chiefly  silico-carbonatcs  and  oxides  of  zinc,  remarkably  free  from 
lead.  Squiei-s's  Barren  Springs  property  seems  to  have  a  valuable 
body  of  this  ore;  Bertha  Zinc  Company  about  1350  X  2000  feet 
area;  Falling  Cliff,  1800  X  1700  feet  area.  The  Bertha  open- 
ing supplies  a  large  tonnage  annually,  which  is  smelted  in  fur- 
naces, now  numbering  448  retorts,  located  at  Martin's  or  Swansea, 
on  the  Norfolk  and  "Western  Railway,  fifty-seven  miles  south- 
west of  Roanoke.  After  three  years'  steady  mining  the  Bertha  mine 
presents  an  opening,  E.  and  W.  425  feet,  60  feet  average  width, 
28  feet  average  depth,  with  exploration  47  feet  deeper  still  in 
ore.  The  whole  area  here,  as  well  as  that  of  Falling  Cliff  mine,  has 
been  very  fairly  explored  by  means  of  shafts,  drifts,  and  many  pits. 
The  spelter  made  from  it  analyzed  by  P.  DeP.  Ricketts,  Ph.D.,  gave 
the  following : 

Metallic  zinc, 99.9629 

Iron, 0.0371 

Extensively  used,  as  this  spelter  is,  by  our  government  mints,  it 
is  singular  it  does  not  assume  a  value  equal  to  the  highest  known. 
It  is  now  quoted  next  to  Bergenport  spelter. 

The  northern  end  of  this  cross-section,  on  the  north  side  of  New 
River,  presents  large  areas  of  iron-ore  ground,  similar  to  that  about 
Reed  Island  furnace,  though  probably  not  in  such  quantities.  Deep 
mining  in  the  hills,  near  deposits  which  have  been  supplying  Cedar 
Run  furnace,  will  no  doubt  reveal  large  ma.sses  of  excellent  iron 
pyrites,  good  for  chemical  purposes. 

Reverting  to  the  extreme  south  end  of  this  section — about  Ogles- 
by's  and  Crawford's — its  ores  are  cut  off  from  those  of  Bertha  and  Fall- 
ing Cliff  Zinc  mines,  by  the  uprising  of  the  floor,  showing  in  a  high 
ridge,  known  as  Roaring  Falls  Mountain,  the  course  of  which  is 
nearly  E.  and  W.  The  Oglcsl)y-Crawford  ores  are  in  the  lower 
limestone  bands,  subjacent  to  the  lead  and  zinc  bands.  There  are 
here  excellent  iron  ores,  masses  of  manganese  ore  of  great  purity,  and 
interesting  developments  of  iron  pyrites.  These  ore  deposits,  con- 
tinuing westwardly,  form  the  excellent  beds  from   which  Peirce's 
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Falls  six-ton  furnace,  two  and  one-half  miles  west  of  Bertha  mine, 
derives  its  ores. 


(5)  Peirce^s  Falls  Furnace  and  Graham  Old  Banks  Section. 

Within  one  mile  southeast  of  this  furnace,  at  intervals  of  about 
one-fourth  of  a  mile,  large  openings,  300  feet  in  length  in  two  of 
them,  and  less  in  another,  show  a  continuous  deposit,  exceeding  fif- 
teen feet  in  thickness,  of  cellular  brown  iron  ore,  and  the  surface 
shows  the  remarkable  characteristics  of  Rich  Hill  over  an  area  more 
than  400  acres  in  extent ;  there  are,  in  truth,  two  bands  of  fine  red 
and  brown  iron  ores.  This  ore  contains,  by  the  analysis  of  Mr. 
McCreath  : 

Metallic  iron, 57.200 

Siliceous  matter, v.         .  5.300 

Phosphorus,    ..........  .074 

Phosphorus  in  100  parts  of  iron,     .         .         .         .         .         .  1.290 

On  the  opposite,  or  north  side  of  New  River,  north  of  the  ridge 
which  is  the  western  prolongation  of  Roaring  Falls  Mountain,  the  same 
ores  again  show  over  areas  equally  large.  Again  and  again,  as  you 
proceed  southwestward  towards  the  Wythe  Lead  Mine  cross-section, 
the  fields  are  deeply  stained  with  the  rich  dye  from  the  weathering 
ores,  and  nowhere  does  the  magnet  fail  to  come  up  heavily  laden 
with  the  shot- ore  when  dragged  through  the  surface  dirt,  and  this, 
too,  over  a  width  of  three  miles,  sometimes  more,  across  the  strike. 

(6)    Wythe  Lead  Mines  and  Walton  Section. 

The  Lead  Mines  section  is  one  of  great  value  and  scientific 
interest.  Here,  as  at  Bertha  and  Falling  Cliff  Mines,  the  main  body 
of  iron-ore  is  below,  and  the  lead  and  zinc  show  conspicnously  near 
the  surface,  with  but  little  over-burden  to  be  removed.  For  a  dis- 
tance on  the  strike  of  the  outcrop  (N.E.  and  S.W".)  fully  2.9  miles, 
the  general  conditions  have  been  fully  proven  by  numerous  deep 
siiafts,  tunnels,  and  test  pits.  The  shafts  and  tunnels  of  the  lead 
mines  penetrate  about  250  feet  below  the  surface,  but  only  a  few  feet 
below  water,  the  mine  hill  being  250  feet  high.  The  ores  are 
silicate  and  carbonate  of  zinc,  carbonate  and  sulpliuret  of  lead,  and 
zinc-blende  in  massive  proportions,  the  latter  varying  with  lead  sul- 
pliuret all  the  way  down,  under  the  surface  ores. 


THE    ORES   OF   CRirPI.E   CREEK,    VIRGINIA.  33 

It  may  be  observal  by  those  curious  enougli  to  inspect  tliis  cross- 
section  doselv  that  the  groat  bocly  of  load  and  zinc  ores  and  dolomite 
are  in  an  apparently  crushoii  anticlinal  or  arch,  in  what  is  familiarly 
tenued  Lead  Mines  Hill,  distant  about  3000  feet  south  of  New  River, 
at  a  point  500  feet  below  the  lead-reducing  works.  The  greater 
value  of  the  ores  in  the  convexity  of  this  arch  may  be  due  to  the 
fusion  and  possible  concentration  resulting  from  the  heat  of  a  great 
lateral  pressure.  For  a  short  distance  either  side  of  the  crest  of  the 
anticlinal,  lines  of  stratification  are  apparently  obliterated,  and  a 
homogeneous  mass,  more  than  50  feet  thick,  horizontally,  by  a  depth 
extending  below  water-level,  seems  to  have  participated  in  this 
action.  This  particular  subdivision  or  band,  here  over  300  feet 
thick,  appears  to  carry  a  very  heavy  percentage  of  zinchlende 
with  lead-sulphuret,  the  output  often  showing  masses  of  pyrites, 
which  are  usually  easily  separated  at  the  mouth  of  the  shaft.  In 
both  directions  from  the  line  of  the  arch's  crest,  wherever  it  has  been 
pierced,  this  is  the  case  for  about  three  miles  along  the  strike. 
Though  the  lead-ores  have  been  rained  and  made  into  pig-lead  and 
shot  for  more  than  100  years,  the  proportion  of  sulphuret  ore  mined 
is  insignificant  compared  with  what  remains.  The  surface-ores,  such 
as  carbonates  and  silicates,  now  being  mined  at  the  rate  of  1200  tons 
annually,  are  far  from  being  exhausted,  so  great  is  the  territory  still 
untouched  except  by  the  test  pits. 

As  to  iron  deposits,  the  greater  masses  are  entirely  beneath  the 
lead  and  zinc  band,  and  probably  exist  as  6  or  8  large  bands  of  iron 
pyrites,  350  to  500  feet  below  the  general  surface  of  the  locality,  ac- 
companied, I  think,  with  three  thin  strata  of  a  very  pure  red  hema- 
tite, superposed,  upon  which  are  the  lead  and  zinc  bands ;  and  dipping 
15°  to  20°  southeast  are  alternations  of  limestone  with  red  and  gray 
shales,  schists,  and  quartzose  sandstones,  800  feet  thick.  These 
limestones  hold,  at  intervals,  an  aggregate  of  about  20  feet  of  good 
iron-ore  (cellular  and  shot-ore),  as  appears  in  the  cross  section  toward 
its  southeast  end. 

The  northwest  part  of  the  section,  north  of  Xew  River,  shows  the 
lower  subdivisions  of  alternating  limestone  and  iron-ores,  again  out- 
cropping at  the  surface  in  the  ore  bands,  passing  Walton's  fur- 
nace. 

From  the  Graham  lands  east  of  Walton,  through  by  the  Sanders 
and  Walton  ore  banks,  to  this  line  of  section,  the  quantity  of  high 
grade  ore  must  be  very  great. 
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(7)    Van  Liew — Brown  Hill  Section. 

Next,  to  the  southwest,  2J  miles,  is  the  Van  Liew  and  Brown 
Hill  section,  of  more  than  usnal  value  and  interest.  At  this  section 
we  have  left  New  River,  as  that  stream  comes  in  from  the  south  just 
east  of  Van  Liew,  and  receives  Cripple  Creek  a  little  below  or  east- 
northoast.     We  are,  therefore,  in  the  Cripple  Creek  region  proper. 

This  section  differs  somewhat  in  its  arrangement  from  that  at  the 
lead  mines.  Its  southern  end  brings  to  the  surface  the  lower  or 
underlying  bands  of  limestone  iron-ores,  dipping  gently  northwards, 
while  the  last  section's  southern  portion  presented  the  overlying 
bands  dipping  southwards.  I  think  the  river  coming  from  the 
south  occupies  a  line  of  dis})lacement.  This  is  likewise  a  heavy  lead 
and  zinc-bearing  section,  and  is  one  of  the  most  important  in  the 
fine  quality  and  apparent  great  quantity  of  its  iron-ores.  Its  southern 
portion  is  generally  mined  in  the  interest  of  the  Ivanhoe  or  Van  I^iew 
furnace  of  the  Hendricks  Bros.,  New  York.  Its  northern  portion, 
dividing  also  the  lead  and  zinc  interest,  is  chiefly  owned  by  the 
Lobdell  Car  Wheel  Co.,  of  Wilmington,  Delaware,  and  the  ores  of 
that  portion  are  used  at  Brown  Hill  furnace. 

The  southern  portion  of  the  section,  or  about  3600  feet  of  it,  south 
of  the  lead  and  zinc  band,  gently  dipping  north  and  northwest, 
shows  six  distinct  bands  of  iron-ores,  nearly  the  whole  of  which  are 
either  highly  or  lightly  magnetic  down  to  two  or  three  feet  below 
the  surface. 

The  lead  and  zinc  division  is  composed  of  clearly  defined  strata, 
below  the  decomposed  ores,  of  bands  of  zincblende,  lead  sulphuret, 
iron  pyrites  and  limestone,  alternating  near  the  upper  side  or  roof 
strata,  with  barytes  and  iron  sulphurets  ;  the  dip  is  30°  northwest. 
This  dip  going  northwest  over  the  northern  portion  of  the  section, 
continues  one  mile  from  Van  Liew,  reversing  in  the  trough  of  the 
basin  just  south  of  Cripple  Creek.  Then,  the  dip  rising  going  north- 
west, the  whole  ore-formation  outcrops  again  about  Porter's  Cross- 
roads. 

The  pits  and  openings  of  the  furnaces  named  show  solid  ore 
for  more  than  20  feet  vertical  in  several  of  the  separate  bands.  It 
is  occasionally  over  50  feet  thick  in  one  shaft.  The  whole  measures 
here  will,  no  doubt,  aggregate  a  solid  thickness  of  nearly  200  feet 
of  iron-ore,  separable  into  bands  from  10  to  25  feet  thick  each. 
This  locality  shows  over  1200  acres  of  accessible  mining  ground. 

Analyses  of  the  ores  overlying  tiic  zinc  band  are  as  follows: 
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Ainihjsis  by  J.  AT.  Sherrerd. 

Metallic  iron 55.702 

Silica, 4.590 

Phosphorus, 0745 

Phosphorus  in  100  parts  of  iron 134 

Analysis  by  A.  S.  McCreath. 

Metallic  iron, 4fl.350 

Siliceous  matter,    .........     13.930 

Phosphorus 109 

Phospliorus  in  100  parts  of  iron, 220 

Of  tlio.-e  larfje  bands  underlying  and  within  the  lead  and  zinc 
band,  Mr.  McCreath's  analysis  is  as  follows  : 

Metallic  iron, 56.500 

Metallic  manganese 072 

Sulphur 071 

Phosphorus, 048 

Phosphorus  in  100  parts  of  iron, 085 

A  sample  of  washed  ore  (mostly  surface)  gave  phosphorus  in  100 
parts  of  iron,  .131. 

Two  samples  of  pig-metal  gave  an  average  of 

Silicon, 2.357 

Phosphorus, 145 

An  examination,  with  a  not  very  strong  magnet,  of  the  ores  in 
the  pits  showed  them  to  be  magnetic  in  some  instances  20  feet  be- 
low the  surface.  Those  at  the  wash  piles  loaded  the  magnet  at 
every  trial.  A  test  applied  to  the  sediment  at  the  washers  showed 
it  to  contain  more  than  10  per  cent,  of  magnetic  ore  in  a  finely  di- 
vided condition.  This  would  suggest  that  large  quantities  of  very  pure 
ore  are  lost  that  might  be  saved  by  some  other  process  than  wash- 
ing. This  fact  is  not  only  true  of  this  locality,  but  of  all  others 
in  this  series.  The  sediment  gathered  from  just  below  any  of  the 
washers,  shows  that  there  is  a  large  proportion  of  the  best  ore  lost.* 

*  This  loss  might  be  overcome  by  roasting  all  the  output  of  the  pits  at  the  mine, 
screening  and  then  driving  the  fine  ore  through  a  long  horizontal  flume  (supplied 
with  secure  doors  at  intervals)  by  an  air-fan.  Nearly  the  whole  of  the  ore  would 
settle  promptly  by  reason  of  its  weight,  and  the  mere  dust  woidd  be  driven  farther. 
The  doors  could  at  any  time  be  opened  and  the  flume  cleaned.  This  plan,  if  suc- 
cessful, would  leave  the  once  beautiful  streanis  of  tliis  basin  pure  and  limpid,  making 
it  possible  for  the  fish  to  live  in  them,  and  the  cattle,  abounding  in  the  fine  grass 
fields,  to  drink  of  them,  and  would  restore  the  landscape  to  its  original  beauty. 
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(8)  Peirce,  Chadwell,  Moore  Section. 

This  section,  southwest  two  miles,  is  almost  a  duplicate  of  Van 
Liew,  Brown  Hill,  and  Porter's  Cross-roads  section,  except  that  zinc 
and  lead  have  not  shown  in  any  great  quantity  as  yet.  Between 
these  two  sections  the  surface  is  deeply  dyed  with  the  iron-ore  stain, 
and  nowhere  does  the  magnet  fail  to  pick  up  ore  from  the  dust.  The 
quantity  of  ore,  similar  to  that  at  Brown  Hill  and  Van  Liew,  is  very 
large. 

(9)  Eagle,  RavencUf,  Huddle  Section. 

This  section,  two  and  a  half  miles  ferther  southwest,  differs  some- 
what, as  to  its  southern  and  middle  portions,  from  the  last  two  sec- 
tions, the  dip  of  rocks  being  somewhat  changed.  But  there  is  very 
little  difference  in  the  quality  of  the  ores,  as  they  are  in  the  same 
bands. 

(10)  Francis  Mill  Oreek,  Irondale  Section. 

This  section  is  One  the  importance  of  which  it  will  be  difficult  to 
overestimate,  not  only  because  of  the  large  quantity  of  high-grade 
ores  of  the  Cripple  Creek  series  it  holds,  but  of  the  vast  reinforce- 
ment given  to  it  by  immediate  contact  with  massive  deposits  of  brown 
and  specular  ores  of  the  underlying  Potsdam  series,  all  of  which, 
owing  to  the  nature  of  the  exposures  on  high  ground,  can  be  cheaply 
mined.  These  several  classes  of  ores,  though  in  distinct  beds,  almost 
touching  each  other,  have  been  brought  close  together  by  a  great  fault, 
or  some  change  in  the  floor  of  the  Cripple  Creek  basin  not  observed  at 
other  points;  for  the  reading  at  many  other  accessible  places  makes 
them  appear  two  thousand  feet  or  more  apart  in  the  order  of  geological 
position.  Be  this  as  it  may,  in  the  cove  above  Hussy's  Knob  Gap, 
both  on  Francis  Mill  Creek  and  in  the  belt  of  red  lands  below  this 
gap,  the  Irondale  or  Norma  Mining  Co.  and  Crockett  &  Co.  own 
about  fifteen  hundred  acres  of  strictly  ore-lands,  where  the  develop- 
ments and  the  ore  in  sight  would  lead  one  to  believe  the  quantity 
almost  exceeds  that  at  any  other  point.  The  Norma  Company  has 
openings,  both  large  open  pits  and  cross  cuts,  in  all  of  the  different  bands 
of  ores.  Two  bodies  of  the  lowest  or  underlying  series  of  ores,  each 
about  two-fifths  of  a  mile  in  length,  on  both  sides  of  the  creek,  show 
a  thickness  of  from  forty  to  one  hundred  and  twenty-five  feet  of  ore, 
with  stripping-faces  from  eighty  to  six  hundred  and  twenty-five  feet 
above  water-level.  One  of  these  veins  of  lower  ores  exceeds  three 
hundred  feet  between  its  sides. 

The  upper  horizon  ores  show  well  in  the  Porter  Bank,  north  side 
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of  Hussy's  Knob,  as  well  as  iu  the  area  south  of  and  above  Hussy's 
Knob  Gap,  the  former  a  mile  and  a  half  iu  length,  the  latter  opened 
in  many  places  over  an  area  eight  hundred  yards  one  way  by  six 
hundred  yards  in  another  direction. 

Analyses  of  ores  from  these  banks  are  as  follow : 

Ko.  1  Opening. 

Analyzed  Analyzed 

by  A.  S.  McCreath.  by  T.  M.  Droi^  ii. 

Metallic  iron 49.050  57.810 

Metallic  manganese, 3.155     not  determined. 

Sulphur, 0.041 

Silica, not  determined.  4.170 

Phosphorus 0.179  0.104 

Phosphorus  in  100  parts  of  iron,         .        .         .       0.3G5  0.180 

No.  2  Opening  {analyzed  by  A.  ti.  3IcCreaih). 

Metallic  iron, 51.550 

Siliceous  matter,      ........  7.760 

Phosphorus ■        .  0.126 

Phosphorus  in  100  parts  of  iron, 0.244 

With  some  care  iu  selection  it  is  probable  that  large  quantities 
of  these  ores  will  be  available  for  Bessemer  purposes. 

The  specular  ore,  by  Dr.  Drown's  analysis,  contains  as  follows  : 

Metallic  iron,  . 65.26 

Silica, 3.59 

Phosijhorus, 138 

Phosphorus  in  100  parts  of  iron, 211 

The  magnetic  quality  of  the  ores  here  is  also  quite  a  marked  fea- 
ture. The  small  six  and  ten-ton  furnaces, — Wythe,  Irondale,  Bev- 
erly, and  Ravencliff, — which  have  been  using  ores  from  these  beds, 
from  time  to  time,  have  thus  far  succeeded  very  well  in  proving  the 
existence  of  large  quantities  without  materially  reducing  the  total 
amount.  There  is  also  another  great  body  of  ore  that  may  well  be 
named  ferro-phosphoritic,  containing  by  Dr.  Drown's  analysis  1.4 
phosphorus,  ready  for  the  basic  process. 

(11)  Dry  Creek,  Cave  Hill,  Speedwell  Section. 

This  section  is  about  two  and  a  half  miles*  southwest  of  the  one 
last  mentioned.  It  yields  the  excellent  ores  of  the  limestone  horizon 
over  a  width  measuring  from  a  point  three-quarters  of  a  mile  south 
of  Cave  Hill  furnace  to  the  north  side  of  Cripple  Creek  and  Speed- 
well furnace,  a  distance  of  two  miles,  air-line.     The  Gannaway 
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bank  of  these  two  furnaces  yields  ore — red,  brown,  and  magnetic — 
in  very  large  quantities,  and  of  quite  a  superior  character.  The  six 
to  eight  ore-bands  in  the  usually  gently  dipping  limestones  of  this 
section,  the  bottom  of  which  has  not  been  found  at  twenty  feet  in  the 
first  one,  extend  six  hundred  yards  either  way  before  they  go  under. 
Mr.  McCreath  found  some  of  the  ore-bodies  sixty-five  feet  deep,  of 
which  the  analysis  was : 

Metallic  iron, 51.175 

Sulphur, 005 

Pliosphorus,      .........         .197 

Phosphorus  in  100  parts  of  iron, 384 

Finally,  we  pass  over  the  deeply-stained  valley  of  Cripple  Creek, 
four  and  a  half  miles  southwest  from  Speedwell,  to  reach  the  last 
section  taken. 

(12)  The  Oregger  Bank  of  White  Rock  Furnace  Sections. 

In  the  two  sections  taken  here,  through  two  large  pits,  an  eighth  of 
a  mile  apart,  on  the  north  side  of  Cripple  Creek,  the  limestone  and 
ore  were  found  dipping  20°  to  25°  in  a  direction  south  and 
east.  The  line  of  section  through  the  larger  or  lower  bank,  eight 
hundred  and  twenty-five  yards  in  length,  showed  alternations  of 
limestone  and  ore  for  two-thirds  of  the  whole  distance.  The  sec- 
tion through  opening  No.  2,  four  hundred  and  thirty  yards  in  length, 
also  presented  the  like  alternations  all  the  way. 

The  first  pit  is  now  100  by  60  and  40  feet  deep;  the  second  is  60 
by  30  and  15  feet  deep.  This  ore  contains,  according  to  Mr.  Mc- 
Creath : 

Metallic  iron, 53.725 

Siliceous  matter, .  7.770 

Phosphorus,      .........  ,064 

Phosphorus  in  100  parts  of  iron,      ,         ,         ,         ,         ,  .119 

Some  of  these  bands  can  be  mined  one  hundred  and  seventy  feet 
above  water-level.  They  are  those  just  underlying  the  lead  and 
zinc  band,  and  will  prove  to  be  not  less  than  eight  in  number,  vary- 
ing in  thickness  from  ten  to  fifty  feet. 

Cost  of  Making  Iron. 

Van  Liew  or  Ivanhoe  furnace  is  now  making  25  tons  of  hot-blast 
charcoal  iron  per  day  from  45  tons  of  ore.  The  conditions  at  this 
furnace  are  exceptionally  favorable.  If  we  assume  that  it  will  take 
2.13  tons  of  ore  (run  of  the  mine)  to  make  a  ton  of  iron  on  New 


rocahontfts  Coke. 

2,13  tons  of  ore, 

.     $2.87 

l.'J3  tons  of  ooke®  $3.10, 

.      3.82 

I..iiuestone, 

43 

Labor  and  incidentals, 

.      3.10 
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River  and  Cripple  Creek,  we  may  estimate  the  cost  of  making  iron 
in  this  region  as  follows: 

Charcoal. 

2.13  tons  of  ore  @  ?1. 35,  .         .  $2.87 

ISO  bushels  of  charcoal  @  6\  els.,  11.25 

Limestone, .....  43 

Lal>or  and  incidentals,       .         .  3.10 

Cost  per  ton  of  pig  iron,        .  $17.05  Cost  per  ton  of  pig  iron,  $10.22 

The  Pocahontas  coal  is  taken  at  76  per  cent,  carbon.  These  esti- 
mates are  for  small  6  to  10-ton  furnaces;  the  cost  would  be  of  course 
less  with  larger  furnaces. 

Carroll  County  Pyrites,  etc. 

The  magnitude  of  the  deposits  of  pyrites  of  iron  and  copper, 
with  their  valuable  cap  of  hydrated  peroxide  of  iron,  only  eight 
miles,  air-line,  south  from  the  great  deposits  of  New  River,  entitle 
them  to  be  considered  in  this  connection. 

Measurements  taken  in  more  than  thirty  shafts,  cross-cuts,  and 
tunnels,  in  its  fifteen  miles  of  length,  between  some  of  its  bolder  out- 
crops, as  between  Betty  Baker  mines  on  the  northeast  end  and  the 
great  outburst  of  surface  ores  west  of  Chestnut  Creek,  show  the  mineral 
body  to  be  about  thirty-three  feet  between  walls,  dipping  about  40° 
to  45°  south;  and  equally  extensive  explorations  prcfve  its  con- 
tinuity. 

Above  water-level,  in  the  creeks  and  branches,  which  cut  across 
the  strike  of  this  great  bedded  vein  every  half-mile  or  so,  there  is 
stripping-ground  fully  two  hundred  and  twenty-five  feet  on  the  in- 
clined face  of  the  ore-body.  Measuring  from  the  surface  down,  an 
average  of  thirty  feet  will  be  hydrated  sesquioxide  of  iron,  with 
crystals  of  copper  carbonate  in  the  lower  portion.  The  next  three 
feet  will  be  oxide  of  copper  and  copper  glance ;  the  remainder,  above 
water-level,  or  one  hundred  and  ninety-two  ket,  will  be  mundic  or 
iron  pyrites,  with  a  variable  proportion  of  copper  pyrites,  contain- 
ing, on  an  average,  2}  per  cent,  of  copper  and  45  per  cent,  of  sul- 
phur, the  residue  being  mainly  iron  and  gangue.  A  very  consider- 
able deduction  has  been  made  for  intrusions  of  gangue,  for  the  vein 
is  sometimes  seventy-five  feet  thick  between  its  walls  of  talcose  slates 
and  schists. 

The  body  of  pyrites  in  this  length  of  fifteen  miles,  which  has 
been  thoroughly  explored,  may  be  claimed  by  a  not  unreasonable 
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conjecture  to  be  10  miles  in  length  (throwing  out  one-third  for  loss 
in  ravines,  etc.),  by  192  X  33  feet. 

Rio  Tinto,  in  Spain,  with  its  vast  deposits  of  a  similar  nature,  is 
not  more  extensive.  It  would  be  easy  to  mine  it  at  a  cost  not  ex- 
ceeding forty  cents  per  ton,  and  it  is  then  down-grade  to  shipping 
points.  One  of  its  most  accessible  points  is  near  Early's,  or  Cran- 
berry Plains,  Carroll  County,  Virginia. 


LEACHING    GOLD    AND  SILVEB   OBES  IN  THE  WEST. 

BY  THOMAS  EGLESTON,   PH.D.,   NEW  YORK  CITY. 

The  process  of  lixiviating  silver  ores,  which  do  or  do  not  contain 
gold,  by  means  of  hyposulphite  of  soda  is  likely  to  assume  a  very 
great  importance  in  the  West,  the  conditions  being  such  that  while 
it  is  applicable  to  very  rich  ores  which  do  not  contain  lead  enough 
to  smelt,  it  is  also  equally  applicable  to  many  ores  that  are  either 
too  poor  or  too  impure  to  be  treated  by  any  other  process.  Western 
ores  are  generally  divided  into  four  classes :  those  which  contain 
copper  enough  to  be  smelted  for  copper,  from  which  the  gold  and 
silver  is  extracted  in  the  wet  way,  as  is  the  practice  of  the  Boston 
and  Colorado  works;  those  in  which  there  is  a  large  quantity  of 
lead,  which  can  be  smelted  for  lead,  and  the  gold  and  silver  ex- 
tracted from  it ;  ores  in  which  there  is  neither  copper  nor  lead 
enough  to  allow  of  a  process  of  smelting,  but  which  can  be  treated 
in  pans,  these  ores  being  "free  milling"  if  they  require  no  metal- 
lurgical treatment,  or  "rebellious"  if  they  have  to  be  roasted  with 
or  without  the  addition  of  salt ;  and  ores  which  do  not  contain 
enough  either  of  lead  or  copper  for  smelting,  which  are  poor  both 
in  silver  and  gold,  contain  large  amounts  of  sulphur,  arsenic,  and 
antimony,  and  cannot  be  treated  in  many  places  in  the  West  by  any 
of  these  processes.  Roasting  with  salt  would  convert  the  base  metals 
as  well  as  the  silver  into  chlorides,  and  would  give  in  the  amalga- 
mation a  very  base  bullion,  and  the  expense  of  the  process  would  be 
so  great  that  the  margin  of  profit  would  be  very  small,  the  reason 
being  that  for  the  ordinary  process  of  pan-amalgamation,  which  is 
the  only  one  suitable  for  ores  containing  small  amounts  of  the  base 
metals,  and  poor  in  silver  and  gold,  the  cost  of  a  plant  for  milling 
is  so  large  as  not  to  justify  the  expense  of  treating  such  ores.  The 
electrolytic  ])rocesses  which  have  been  partially  successful  in  Europe 
have  not  been  tried  here.  While  in  the  near  future  they  will  un- 
doubtedly be   used,  it  is  hardly  possible   to   consider  them  now. 
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They  o-an  only  be  used  near  great  eentres  of  population,  or  Mhcre 
the  amount  of  ore  to  be  treate<l  is  so  very  large  that  it  would  justify 
a  very  expensive  plant.  AVhen  the  trial  period  is  passed  this  method 
will  undoubtedly  be  applicable  to  many  ores  whose  treatment  is  not 
now  even  discussed  as  possible.  There  are  very  large  quantities  of 
low-grade  ores  containing  about  thirty  ounces  of  silver,  with  little 
or  no  gold,  to  the  ton,  which  might  be  treated  if  a  not  very  expensive 
plant  could  be  used. 

The  process  of  leaching  with  the  hyposulphites  of  soda  or  lime  has 
not  attracte<i  much  attention  in  the  "West  as  yet,  partly  because  im- 
perfect experiments  made  with  it  in  a  small  way  have  not  been  suc- 
cessful. It  has  also  been  thought  that,  while  the  price  of  salt  is  very 
low  in  these  regions,  it  would  be  impossible  to  use  any  amount  of  a 
reagent  which  was  high-priced  like  hyposulphite  of  soda.  As  far  as 
the  chemicals  are  concerned,  while  the  price  of  salt  is  very  low,  all 
the  salt,  in  any  process  where  it  is  used,  is  lost.  This  expense  is, 
therefore,  a  considerable  one  when  very  large  quantities  of  ore  are 
treated ;  and  though  the  price  of  hyposulphite  of  soda  is  high,  the 
amount  consumed  is  extremely  small,  since  all  but  a  very  small  portion 
of  the  liquid  is  saved,  as  most  of  it  is  regenerated  and  used  over  again. 
There  are  very  few  places  in  the  West  where  lime  cannot  be  had. 
The  use  of  sulphide  of  calcium,  which  is  so  easily  made  as  a  precip- 
itating reagent,  makes  it  quite  possible  to  use  the  leaching  process, 
as  this  gradually  transforms  the  hyposulphite  of  soda  into  hypo- 
sulphite of  lime,  the  use  of  which  has  a  great  advantage  in  the  treat- 
ment of  ores  containing  even  a  very  small  quantity  of  gold,  as  the 
hyposulphite  of  lime  dissolves  nearly  the  whole  of  the  gold,  and  al- 
lows of  its  being  extracted  while  the  hyposulphite  of  soda  does  not. 
The  quantity  of  water  used  with  pan  amalgamation  must  always  be 
at  a  maximum,  even  though  it  is  used  over  again.*  The  quantity 
used  with  hyposulphite  leaching  is  always  a  minimum,  since  all  the 
water  used  in  the  process  can  be  used  over  and  over  again,  even  the 
washing  water  being  serviceable,  so  that  the  loss  of  water  will  be 
very  small.  In  addition  to  this  the  plant  which  is  to  be  used  is  a 
very  cheap  one,  being  composed  of  roasting  furnaces,  which  need 
not  be  of  a  very  expensive  type,  of  wooden  tubs,  of  not  very  costly 
materials,  and  requiring  for  the  most  part  only  low-priced  labor. 
The  process,  however,  requires  careful  watching  by  an  expert,  and 
continual  assays,  in  order  to  see  that  there  is  no  waste  of  silver  or 
of  the  reagent. 

*  Engineering,  vol.  xvil.,  p.  516. 
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Besides  tliis,  the  California  practice  invariably  associates  with  the 
pan  the  California  stamp,  which  has  always  been  considered  one  of  the 
best  machines  for  crushing,  In  the  case  of  surface  ores,  however, 
especially  such  as  contain  silver,  either  in  a  native  state  or  as 
chlorides  or  bromides,  or  where  they  contain  sulj)hide  of  silver,  the 
stamp  is  a  very  bad  machine,  because  it  tends  to  beat  out  the  pieces 
so  thin  that  they  float,  or  in  case  of  brittle  ores  to  make  flour,  and  in 
this  way  permits  of  their  being  carried  off  by  the  water.  Later  Eu- 
ropean practice  shows  that  this  has  such  an  effect  in  enriching  the  tails 
that  rolls  are  there  gradually  taking  the  place  of  stamps.  The  rolls 
simply  crush  or  disintegrate  the  material,  and  are  much  less  expen- 
sive than  the  stamps.  But  even  supposing  the  stamps  to  be  replaced 
by  rolls,  the  rest  of  the  amalgamation  plant — the  furnaces,  pans, 
and  settlers — is  costly,  requires  constant  repair,  and  must,  in  a  period 
more  or  less  short,  wear  out  and  be  replaced.  The  mercury  is,  too, 
an  expensive  and  troublesome  reagent.  The  consequence  is  that 
the  capital  required  for  a  leaching  plant  is  very  much  less  than  it 
would  be  in  a  milling  one.  The  leaching  process  is  also  applicable 
to  ores  containing  both  gold  and  silver,  for  when  hyposulphite  of 
soda  is  used  after  the  ores  have  been  leached  for  silver,  the  tails  can 
be  treated  by  Plattner's  process,  and  the  gold  and  the  silver  both  re- 
covered in  a  state  of  high  bullion,  so  that  a  parting  process  would 
not  be  necessary,  and  when  hyposulphite  of  lime  is  used  they  are  re- 
covered together.  It  is  also  applicable  to  ores  very  rich  in  silver  as 
well  as  to  very  poor  ores,  whether  they  are  or  are  not  very  impure 
or  are  contaminated  with  other  metals,  since,  when  it  is  worth  while 
to  do  so,  small  amounts  of  copper,  cobalt  and  nickel  may  be  sepa- 
rated.* There  is,  however,  a  limit  to  the  quantity  of  base  metals, 
especially  lead,  which  can  be  treated.  This  will  depend  in  every 
case  on  the  quantity  of  silver  and  on  the  cost  of  reagents.  It  is 
never  applicable  to  ores  which  contain  lead  enough  to  smelt. 

In  some  cases  where  the  ores  were  very  rich  in  pyrites  but  poor 
in  gold  and  silver,  a  matte  concentration  has  been  made  and  the  ex- 
traction done  on  the  roasted  matte.  Such  an  application  necessitates  a 
cheap  fuel,  but  the  concentration  can  be  carried  on  so  as  materially  to 
reduce  the  amount  to  be  treated.  In  Mexicof  this  process  has  been 
used  on  the  amalgamation  tails,  containing  large  quantities  of  lead 
and  0.24  per  cent,  of  silver. 

It  is  not,  however,  to  be  supposed  that  the  process  has  no  disad- 

*  Annales  des  Mines,  5  series,  vol.  viii.,  p.  68. 

f  Zeitsclirift  fur  das  Berg-Hiitten-und  Salinen-Wesen,  vol.  xxi.  (1S73),  p.  143. 
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vantages.  "While  the  plant  is  very  inexpensive,  it  reqnircs  careful 
attention  on  the  part  of  those  in  control  of  it,  for  although  the  re- 
actions are  exceeilingly  deliciite  they  can  be  learned  by  men  of  very 
ordinary  capacity,  provided  they  are  properly  superintended;  but 
the  least  carelessness  on  their  part,  either  in  the  roasting,  leaching,  or 
precipitation,  or  by  adding  too  much  or  too  little  of  the  reagent,  in- 
volves very  serious  losses. 

The  process  has  assumed  sonic  importance  of  late  from  its  use  at 
the  Old  Telegraph  and  Lexington  mills,  the  works  at  Triurafo,  in 
Lower  California,  and  from  the  erection  of  a  large  plant  recently  at 
the  Geddcs  and  Bertrand  mine  in  Secret  Canon  near  Eureka,  Nevada, 
where  a  poor  ore  full  of  impurities  is  treated.  I  have  thought  that 
a  description  of  the  process  as  used  in  these  localities  would  be  of 
interest.  I  have  therefore  described  no  mill  in  particular,  though 
most  of  the  details  refer  to  the  Bertrand  mill. 

The  analysis  of  the  ore  from  the  Bertrand  mine  is  given  below : 

Silicic  acid, 50.25 

Iron 8.0'3 

Zinc, 7.62 

Lead, 4.64 

Ai-senic, 0.73 

Antimony, 1.35 

Silver,*  " 0.17 

Lime 4.92 

Magnesih, 2.40 

Snlphur, 0.96 

Carbonic  acid, 8.30 

Water 3.80 

Loss  and  Oxygen,      .         .         .         .' 6.80 

Alumina,  ...........  trace 

Bismuth, " 

Copper, " 

Potas>-ium, " 

Sodium, " 

100.00 
The  process  consists  of  seven  different  operations : 
L  Crushing  the  ore. 

2.  Drying  the  ore. 

3.  Roasting  it  with  salt. 

4.  Leaching  out  the  base  metals  with  water. 

5.  Leaching  with  hyposulphite  of  soda. 

6.  Precipitating  the  silver. 

7.  Roasting  the  sulphide  of  silver  and  melting  for  bullion. 

*  About  $50  per  ton.     Most  of  the  ore  is,  however,  of  a  lower  grade  than  this. 
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].  Crushing  the  Ore. 

The  ore  of  the  Bertrand  mine  comes  from  a  higher  level  than  the 
mill.  It  is  brought  in  wagons  drawn  by  horses  and  is  dumped  into 
a  tunnel  leading  to  the  mill,  falling  through  a  shoot  into  cars  on  a 
track  running  into  the  highest  level  of  the  mill.  Eventually  a  tun- 
nel will  be  run  directly  to  the  mine,  which  is  about  a  fourth  of  a 
mile  distant,  and  the  ore  will  come  to  the  mill  without  previously 
discharging. 

From  the  cars  the  material  is  dumped  upon  a  grizzly,  which  is 
an  inclined  iron  grating  allowing  only  the  small  pieces  to  pass,  and 
sending  the  large  ones  directly  into  a  crusher,  which  after  breaking 
them  up  discharges  them  into  the  same  bin  into  which  the  small 
pieces  which  passed  through  the  grizzly  have  fallen.  From  this 
bin  the  ore  falls  through  a  shoot  into  cars  which  carry  it  to  the 
driers.  In  some  works  the  large  pieces  pass  thi'ough  two  sets  of 
crushers,  and  what  passes  through  the  grizzly  goes  into  a  second 
crusher  set  fine,  into  wdiich  all  the  ore  which  does  not  pass  the 
screens  also  falls.  The  ore  is  crushed  so  as  to  pass  a  15  to  20-mesh 
screen.  30-mesh  screens  were  first  used,  but  it  M'as  found  that  the 
material  did  not  discharge  from  these  as  well  as  from  a  coarser 
mesh,  and  that  there  was  no  necessity  of  treating  the  ore  finer,  as 
the  roasting  and  leaching  were  better  done  on  the  coarse  ore. 
Experience  has  shown  that  with  the  coarse  screens  more  ore 
can  be  treated  in  a  given  time,  as  it  leaches  faster  and  there 
is  less  fine  material  to  clog  the  filter.  With  fine  ore  it  sometimes 
takes  six  or  seven  days  to  leacli,  and  even  then  it  is  imperfectly  done. 
In  making  an  examination  of  the  effect  of  coarse  and  fine  screens 
it  was  found  that  in  using  those  with  from  20  to  40  meshes,  31  per 
cent,  of  the  ore  passed  through ;  from  40  to  60-mesh  screens,  14  per 
cent. ;  from  60  to  80-mesh  screens,  6  per  cent. ;  and  finer  than  this 
scarcely  an  appreciable  quantity  passed,  without  mechanical  agita- 
tion such  as  comes  from  the  blow  of  the  stamp  or  the  agitation  of 
the  screen.  The  size  adapted  to  each  ore  can  only  be  determined 
by  experience,  as  ores  which  are  apparently  the  same  act  differently 
in  leaching.  The  only  general  rule  that  can  be  given  is  that  the  ore 
must  be  crushed  just  as  coarse  as  is  consistent  with  perfect  chlorura- 
tion*  in  the  furnace,  which  can  easily  be  determined  by  trial.  This 
question  has  received  but  little  attention.     It  has  more  importance 

*  Tiie  word  chloruration  is  used  to  describe  the  formiition  of  chlorides  by  means 
of  salt,  ill  contradistinction  to  chlorination,  used  to  describe  the  formation  of  chlo- 
rides by  means  of  chlorine  gas. 
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than  is  generally  attributed  to  it,  and  when  improperly  done  easily 
translates  itself  into  both  a  diminished  output  and  a  loss  of  money. 
The  ore,  wet  before  passing  through  the  driers,  assayed  Septem- 
ber 28th,  1882,  ^26.71  ;  on  September  29th  the  assay  was  $29.85, 
and  on  tlie  30th,  823.85.  These  assays  were  taken  from  a  large  car 
into  which  a  sample  from  every  mine  car  is  thrown.  The  mean  of 
these  three  is  §26.80,  which  is  a  little  low,  the  net  assays  being 
about  .S30.  They  are  given  because  the  other  assays  are  made  on 
charges  made  the  same  day. 

2.  Drying  the  Ore. 

The  ore  is  damp  when  it  comes  from  the  mine  and  is  taken  from 
the  crusher  to  the  driers.  These  are  revolving  wrought-iron  cylin- 
ders, 20  feet  long  by  4  feet  in  diameter  at  one  end  and  3  feet  at  the 
other,  known  under  the  name  of  Pacific  driers.  The  iron  work  for 
the  driers  weighs  about  ten  tons ;  they  are  not  lined.  The  flame  from 
the  fireplace  runs  directly  through  them,  the  ore  being  fed  at  one  end 
automatically  by  the  Hendy's  Challenge  automatic  feeder,  and 
dumped  out  into  cars  at  the  other  end  of  the  drier,  v/ithout  manipu- 
lation. These  driers  are  usually  heated  by  a  fireplace  of  their  own, 
which,  however,  is  not  absolutely  necessary,  as  the  flames  from  the 
Bruckner's  cylinders  might  be  made  to  pass  through  them  and  then 
be  made  to  pass  into  the  dust  chambers,  thus  utilizing  a  large  amount 
of  waste  heat.  When  only  small  samples  of  ore  are  to  be  treated 
they  are  carried  to  a  special  "bin,  and  put  through  a  Dodge  crusher, 
which  is  used  almost  exclusively  for  sampling.  Drying-floors,  made 
by  passing  the  waste  heat  through  flues  covered  with  cast  iron  plates, 
are  used  in  some  works.  This  saves  the  fuel  used  in  the  driers;  but 
this  economy  is  more  than  compensated  for  by  the  labor  required, 
the  driers  being  automatic  in  their  action. 

After  the  ore  leaves  the  drier  it  is  carried  to  a  bin  from  which  it 
passes  over  a  15-mesh  screen,  and  falls  through  a  shoot  in  which  is 
arranged  a  system  of  magnets  to  catch  any  pieces  of  metal  which 
may  have  accidentally  got  into  the  ore,  either  in  the  mine  or  in  the 
mill,  such  as  bits  of  broken  picks  or  drills,  as  they  would  be  likely 
to  injure  the  rolls,  if  they  were  allowed  to  pass  through  them. 
The  ore  then  passes  through  two  sets  of  Krom  rolls,  16  by  24 
inches,  from  which  all  that  passes  through  the  screens  is  carried  by 
a  chain  elevator  to  a  storage  bin  in  the  upper  part  of  the  building. 
AVhat  fails  to  pass  the  screens  is  carried  l>ack  and  put  through  the 
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rolls  again.     The  ore  from  the  rolls  assayed  on  September  28th, 
1882,  $27.75  ;  on  September  29th,  $25.13,  and  on  the  30th,  $24.19. 

3.  Roasting  the  Ore  with  Salt. 

From  the  storage  bin  the  ore  descends  through  a  shoot  into  cars 
standing  on  a  track  scale,  where  it  is  weighed.  The  contents  of  the 
cars  are  dumped  into  a  hopper  above  the  Bruckner's  cylinders,  the 
amount  of  each  charge  passing  into  the  hopper  being  carefully 
weighed.  The  moment  the  hopper  is  discharged  into  the  cylinder 
beneath  another  charge  is  put  in.  The  salt  is  not  weighed.  It  is 
measured  in  soap-boxes  which  contain  about  80  pounds  each,  and  is 
mixed  with  the  ore  either  in  the  driers  or  in  the  hoppers;  formerly 
five  per  cent,  of  the  weight  was  mixed  with  the  ore.  This  amount 
was  gradually  decreased  until  now  only  three  per  cent,  is  used. 

A  number  of  experiments  have  been  made  as  to  the  best  place  to 
add  the  salt.  Formerly  it  was  always  added  in  the  hoppers,  and 
became  thoroughly  mixed  by  the  movement  in  the  cylinders.  Now 
it  is  added  in  the  driers,  and  by  incorporation  resulting  from  the 
movement  there  and  in  the  rolls  it  has  been  found  that  the  quantity 
of  salt  may  be  considerably  reduced,  so  that  they  now  do  not  use 
more  than  a  third  of  the  salt  they  formerly  did.  Very  extensive  ex- 
periments have  been  made  in  Europe  on  the  best  place  to  add  the  salt 
in  the  various  metallurgical  works  where  salt  is  used  for  the  extrac- 
tion of  the  metal,  which  has  resulted  in  the  adoption  of  a  very 
ingenious  mixing  machine,  into  which  the  ore  and  salt  are  charged, 
which  has  produced  great  economy  in  the  use  of  salt  and  better  subse- 
quent working.  Both  methods  are  successful,  but  the  introduction 
in  the  drier  seems  the  best,  as  it  takes  the  j)lace  of  the  mixer  in  the 
European  methods.  At  first  two  per  cent,  of  iron  pyrites  was  mixed 
with  the  ore  in  order  to  insure  a  proper  roasting.  The  quantity  was 
diminished  little  by  little  until  now  none  is  used.  In  most  cases,  how- 
ever, where  there  is  a  large  amount  of  base  metals  this  addition  will 
l)e  necessary. 

All  the  conveying  of  the  ore  is  done  with  chain-elevators  having 
pockets  G  by  4  inches.  These  are  used  for  the  dry  ore  only ;  the 
chloridized  ore  is  not  elevated.  Repairs  to  these  chain-elevators  are 
very  easy,  for  when  a  link  is  broken  it  has  only  to  be  taken  out  and 
another  one  put  in,  or  if  for  any  reason  it  is  desirable  to  make  the 
chain  shorter  or  longer  the  links  can  be' readily  removed  or  added. 

The  ore  is  now  ready  to  be  roasted.  This  may  be  done  in  any 
kind  of  a  furnace.     Where  transportation  is  difficult  a  reverberatory 
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furnace,  with  a  licarth  arranged  in  three  steps,  so  that  the  ore  in 
passing  from  one  to  the  other  falls  a  distance  of  4  to  5  feet,  would  be 
the  best.  A  SietefeKk  furnace  could  also  be  used  to  advantage.  The 
iron  work,  as  it  is  in  pieces  of  no  very  great  weight,  can  be  easily 
transported,  but  is  more  expensive  to  build  than  a  reverberatory 
furnace,  which  can  always  be  easily  adapted  to  any  kind  of  fuel. 
At  the  Bertrand  mill,  which  is  within  easy  reach  of  San  Fran- 
cisco by  railroad,  there  are  four  Bruckner's  cylinders,  which  are 
7  feet  in  diameter  and  19  feet  long,  and  hold  a  charge  of  about  five 
tons.  The  fireplace  is  on  a  prolongation  of  the  axis  of  the  furnace, 
but  was  formerly  put  at  right  angles  to  it,  greatly  to  the  inconve- 
nience of  the  workmen.  The  cylinder  is  driven  by  friction-rollers, 
of  which  there  are  three  sets,  and  not  by  a  gear-wheel  round  the 
body  of  the  cylinder  as  in  the  older  form.  The  work  is  continuous, 
the  furnace  never  being  allowed  to  become  cool.  As  soon  as  a 
charge  has  been  treated  a  fresh  charge  is  immediately  put  in.  To 
introduce  the  charge  the  man-hole  is  brought  under  the  hopper  and 
its  valve  drawn.  It  is  then  replaced  and  the  cylinder  set  to  revolving 
two  to  three  turns  per  minute.  The  amount  of  sulphur  contained 
in  the  Bertrand  ores  is  exceedingly  small,  so  that  the  salt  in  very 
small  quantity,  if  it  has  not  already  been  added  in  the  driers,  may  be 
introduced  at  once.  When  ores  containing  a  large  amount  of  sulphur 
are  used,  a  careful  roasting  at  a  low  temperature  must  precede  the 
chloruration,  steam  at  a  low  pressure  being  introduced  for  the  pur- 
pose not  only  of  getting  rid  of  the  last  trace  of  sulphur,  arsenic, 
and  antimony,*  but  also  to  decompose  the  chlorides  of  the  volatile 
base  metals,  the  nascent  chlorine  thus  given  off  acting  very  ener- 
getically on  the  silver.  When  the  ore  contains  base  metals  which 
it  is  desirable  to  save,t  this  roasting  must  be  done  with  great  care, 
and  the  value  of  the  base  metals  separated  must  compensate  for  the 
extra  expense  in  fuel  owing  to  the  use  of  steam  in  the  roasting.  If 
lead  is  present,  the  roasting  must  be  done  at  a  low  temperature,  for 
as  the  compounds  of  lead  are  easily  fusible,  there  might  be  danger 
of  agglomeration;  or,  if  the  temperature  is  high  and  silica  is  present 
also,  a  silicate  of  lead  might  be  formed  which  would  prevent  the 
solution  of  the  silver.  Special  care  must  be  taken  in  such  a  case  to 
transform  all  the  lead  into  chloride,  as  this  is  soluble  in  hot  water, 
while  the  sulphate  is  not. 

The  roasting  lasts  eight  to  eleven  hours,  depending  on  how  the 


*  Engineering,  vol.  xxii.,  p.  515. 

t  Annales  des  Mines,  5  series,  vol.  viii.,  p.  70. 
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charge  works.  When  it  is  finished  the  man-hole  is  opened  without 
stopping  the  cylinder,  which  in  its  rotation  discharges  the  ore,  which 
falls  Into  pits  cut  out  of  the  rock  in  the  foundation,  just  underneath  the 
cylinders,  where  it  is  allowed  to  remain  about  nine  hours,  until  it  is 
ready  to  go  to  the  cooling  floor.  These  pits  have  been  found  to  be  a 
very  great  advantage,  for  it  has  been  ascertained  that  a  considerable 
amount  of  chloruration  takes  place  in  the  pit  after  the  charge 
leaves  the  furnace,  so  that  the  time  of  waiting  is  not  lost.  It  is 
red  hot  when  it  falls  into  the  pits,  but  cools  sufficiently  to  be  drawn 
off  into  cars  after  that  time.  Occasionally  the  ore,  when  for  any 
reason  there  is  a  stoppage,  remains  for  two  or  three  days  in  this 
bin  and  is  still  hot  when  drawn.  Generally,  however,  it  is  drawn 
out  on  the  cooling-floor  as  soon  as  possible,  where  it  is  at  once 
moistened  with  water  to  keep  down  the  dust.  Sometimes  the  ore  is 
put  into  the  tub  so  hot  that  the  water  boils,  but  this  is  not  usual. 
The  ore  is  generally  cold  enough  not  to  make  any  appreciable  dif- 
ference in  the  temperature  of  the  water.  When  the  ore  is  one  which 
is  not  hajbitually  treated,  a  sample  is  drawn  through  the  fireplace 
in  order  to  test  the  chloruration.  When,  however,  the  ore  is  that 
which  they  are  constantly  using,  they  recognize  that  it  is  finished 
by  its  rolling  about  in  the  furnace  with  a  sluggish  motion  somewhat 
like  that  of  damp  sugar. 

When  the  furnace  is  discharging  two  assay  samples  are  taken  from 
every  charge.  When  about  half  the  charge  of  the  furnace  has  run  out 
a  long  iron  spoon  is  run  underneath  and  filled  and  its  contents  assayed. 
One  of  these  samples  is  used  for  a  chloruration  test,  which  is  made  at 
once  for  each  charge,  each  assay  sample  being  marked  with  the 
number  of  the  charge  and  of  the  furnace  or  the  cylinder ;  the  other 
is  thrown  into  a  large  iron  car  to  be  afterwards  used  in  making  the 
general  assay  to  ascertain  the  amount  of  silver  contained  in  the  ore. 

The  following  table  gives  eleven  assays  of  the  ores  taken  from 
each  of  the  furnaces  during  different  days: 


ASSAYS.* 

No,  of  charge. 

No.  of  furnace. 

Value. 

74 

1 

$25.44 

* 

75 

1 

30.16 

81 

3 

32.36 

81t 

3 

3L42 

*  I  am  indebted  for  these  and  the  following  assays  to  ray  pupil,  Mr.  C.  F.  Pearis, 
who  was  for  some  months  assayer  at  the  Bertrand  mill, 
f  After  remaining  two  days  in  the  bin. 
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No.  of  charge. 

No.  of  ftirnace. 

Value. 

84 

2 

28.27 

85 

3 

33.30 

86 

3 

27.96 

115 

4 

30.16 

IIG 

4 

27.96 

117 

4 

25.75 

lis 

4 

27.33 

Occasionally  the  charge  of  ore  from  the  furnace  is  more  than  the 
tub  will  hold.  This  residue  is  put  into  a  heap,  and  when  enough 
of  it  has  accumulated  to  fill  a  tub  it  is  leached  and  called  a  "  mixed 
charge." 

On  September  28th,  1882,  the  ore  from  the  cylinder  a.ssayed 
$32.99 ;  on  September  29th,  $30.47 ;  on  September  30th,  $27.96. 
These  assays  on  the  same  charges  and  days  are  interesting,  and  are 
given  below  together. 


Damp  mine  sample, 
Sample  from  the  rolls, 

"  "      Bruckner's  cylinder, 


The  assay  for  chloruration  is  made  on  the  sample  taken  from  the 
charge.  Fifteen  ounces  are  weighed  out  and  put  into  a  funnel  with 
a  proper  filter.  Hyposulphite  from  a  tank  above  is  let  on  to  it  and 
allowed  to  run  from  fifteen  to  twenty  minutes,  the  filtrate  being  col- 
lected and  sent  to  the  leaching  tubs.  When  no  silver  is  dissolved 
the  as.say  is  washed  and  dried,  and  a  fusion  assay  made  of  the  tails. 
Twenty-three  such  assays  are  given  in  the  table  below. 


Sept.  28. 

Sept.  29. 

Sept.  30. 

26.71 

29.85 

23.88 

27.65 

25.13 

24.19 

32.99 

30.47 

27.96 

32.36 

30.32 

CHLORURATION    ASSAYS. 


No.  of 
charge. 

No.  of 
furnace. 

Value. 

No.  of 
charge. 

No.  of 
furnace. 

Value. 

81 

3 

$5.49 

Ill 

2 

$3.92 

81* 

3 

5.20 

112 

2 

3.61 

101 

5.18 

113 

2 

3.77 

102 

4.40 

114 

2 

4.24 

103 

2.98 

184 

4 

3.29 

104 

4.40 

185 

4 

4.08 

105 

3.77 

186 

4 

3.14 

106 

4.71 

187 

4 

3.45 

107 

3.14 

188 

4 

3.45 

lOS 

2 

3.77 

190 

4 

4.55 

109 

2 

3.45 

198 

4 

3.29 

110 

2 

3.61 

* 

After  remaining  two  days  in  the  bin. 
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The  following  tables  give  the  details  of  24  charges  in  the  cylin- 
ders during  a  period  of  six  days.  They  give  a  complete  record  of 
the  work  of  the  furnace  during  that  time.  The  corresponding 
table  for  the  tubs,  and  also  the  chloruration  and  tub-tailing  assays, 
are  given  on  pages  58  and  59.  These  tables  comprise  the  details  of 
the  entire  work  of  the  mill  for  four  days. 


Number 
of  furnace. 

Number  of 
charge. 

Ore. 

Salt,  lbs. 

Pyrites, 
per  cent. 

Cars  of 
flue-dust. 

Hours 
roasting. 

Tons. 

Lb.s. 

Mixed  charge. 

5 

450 

2 

2 

G7 

5 

532 

720 

2 

3 

10 

Mixed  charge. 

5 

450 

2 

2 

68 

7 

720 

2 

''M 

2 

69 

7 

803 

720 

2 

8 

Mixed  charge. 

5 

450 

2 

2 

70 

7 

1041 

720 

2 

4 

11 

2 

71 

5 

720 

2 

3 

93^ 

2 

72 

6 

1758 

480 

2 

5 

9'l 

2 

73 

7 

50 

720 

2 

m 

3 

74 

7 

140 

700 

2 

13 

3 

75 

5 

600 

480 

2 

7% 

4 

88 

5 

1042 

640 

2 

2 

m 

4 

94 

7 

440 

720 

2 

10 

4 

95 

6 

1116 

720 

2 

1 

8?4 

4 

96 

5 

1835 

720 

2 

2 

8^ 

4 

97 

7 

140 

720 

2 

10 

4 

98 

4 

134 

720 

2 

3 

9K 

4 

99 

7 

720 

2 

10^ 
9'4 

4 

100 

3 

6G7 

640 

2 

4 

101 

7 

1800 

720 

2 

95l 

4 

102 

7 

220 

720 

2 

8^2 

Mixed  charge. 

5 

450 

2 

Mixed  charge. 

5 

450 

2 

The  Bruckner's  cylinders  are  run  by  an  upright  engine  with  a 
cylinder  10  by  12  inches. 

When  the  ore  in  the  collecting-bins  is  sufficiently  cool,  it  is  drawn 
into  cars  and  taken  to  a  brick  cooling-floor,  where  it  is  dampened 
with  water  and  spread  out  with  hoes.  The  collecting-bins  are  12  feet 
deep  and  extend  from  the  bottom  of  the  cylinders  to  the  top  of  the 
car  on  the  floor  below.  The  works  are  built  on  the  side  of  a  hill, 
which  is  a  very  convenient  arrangement.  No  attempt  is  made  to 
keep  ore  ahead.  It  is  the  intention  to  have  two  charges  on  the  cool- 
ing-floor and  one  charge  in  each  of  the  furnaces  and  a  charge  in  each 
of  the  hoppers.  The  roasting  is  done  by  two  men  on  each  shift,  each 
man  tending  two  cylinders,  with  two  Chinamen  bringing  the  wood 
which  is  used  as  fuel. 

All  the  machinery  other  than  the  Bruckner's  cylinders  is  run  by 
an  engine  with  a  14-inch  cylinder  with  a  48-inch  stroke,  which  is 
much  larger  than  is  required  for  the  work.  12  cords  of  wood  are 
burned  in  the  4  Bruckner's  cylinders  in  24  hours.  The  wood  is 
cedar,  nut-pine,  and  mountain-mahogany,  which  are  all  excellent 
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woods.  They  are  equal  to  or  even  better  than  the  lignites  which  are 
tiie  usual  fuels  of  tlie  country,  judging  them  by  weight.  The  driers 
burn  three  cords  of  wood  per  day,  the  engine  four,  the  stoves  to  heat 
the  leaching-rooni  one.  20  cords  of  wood  are  used  for  the  24  hours 
for  the  eutire  work  of  the  mill. 

One  engineer  on  each  shift  runs  the  boilers  and  the  engine.  He 
is  a  Chinaman  and  has  one  helper,  who  is  also  a  Chinaman. 

A  considerable  amount  of  chloride  of  silver  and  of  dust  contain- 
ing silver  is  volatilized  or  mechanically  carried  off  from  both  the 
Bruckner's  cylinders  and  the  driers.  It  is,  therefore,  necessary  to 
iiave  dust-chambers  connecting  with  both  of  these.  The  flues  have  a 
down-take,  which  communicates  with  a  large  chamber  by  an  arched 
opening,  which  is  quite  small.  The  dust  accumulates  in  considera- 
ble quantities'  at  the  bottom  of  the  down-take,  so  that  they  are 
obliged  to  clean  it  frequently.  This  material  and  that  which  comes 
from  the  dust-chambers  is  collected.  It  is  then  passed  through  the 
Bruckner  cylinders  and  mixed  with  the  charges  as  shown  in  the  table, 
p.  GO.  Fresh  salt  is  added  to  it  and  it  is  j>ut  through  the  tubs. 
Sometimes,  when  large  quantities  are  on  hand,  it  is  treated  sepa- 
rately. 

4.  Leaching  the  Base  Metals  with  Water. 

The  leaching-room  contains  24  tubs,  12  on  a  side,  each  of  which 
is  six  feet  in  diameter  and  three  feet  deep,  the  depth  being  regulated 
according  to  the  facility  with  which  the  water  will  filter  through 
the  ore,  and  also  to  the  ease  with  which  a  man  can  throw  out  the 
tails.  It  would  be  much  better  to  increase  the  diameter  of  the  tubs 
to  twelve  feet;  it  is  done  in  many  of  the  works  in  I^ower  California 
and  Mexico,  the  depth  being  the  same  as  here.  Experience  in 
these  countries  has  shown  that  a  better  result  is  obtained  with  large 
than  with  small  tubs.  These  tubs  are  set  on  the  floor  together  in 
pairs,  the  two  tubs  almost  touching  each  other,  with  a  railway  upon 
one  side  and  an  easy  passage-way  between  each  pair  of  tubs.  Tlie 
track  runs  close  to  the  side  of  the  tubs.  That  the  discharging  n)ay 
be  done  with  facility,  the  wagon  which  receives  the  tails  comes  just 
above  the  top  of  the  tubs,  so  that  a  man  standing  in  them  can 
easily  throw  the  tails  out  into  the  wagon. 

Permanently  fixed  above  the  tubs  are  hoppers,  which  are  long 
and  narrow.  They  are  divided  into  two  compartments,  and  have  at 
their  bottom  a  slit-valve,  so  that  the  ore  may  be  discharged  from  each 
compartment  in  little  piles  over  all  parts  of  the  bottom  of  the  tub. 
Each  tub  may  have  its  own  hopper,  made  of  iron,  as  at  the  Bertrand 
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mill,  or  one  hopper  may  answer  for  two  or  more  tubs,  the  discharge 
being  made  by  flexible  pipes.  Stop-cocks  or  plugs  do  not  answer 
for  the  leaching  tubs,  as  they  are  apt  both  to  get  out  of  order  and 
to  leak.  A  rubber  pipe  can  always  be  securely  fastened  to  the  bot- 
tom or  side  of  the  tub,  and  when  not  in  use  can  be  hung  up  out  of 
the  way.  The  ore  is  passed  from  the  cooling-floor  to  the  vats  as 
rapidly  as  it  can  be  handled,  each  charge  of  ore  being  drawn  from 
the  furnace-bins  to  the  cooling-floor  as  soon  as  the  latter  is  empty. 
The  cars  from  the  cooling-floor  run  over  the  top  of  the  hoppers  and 
dump  their  contents  into  them,  which  from  there  fall  into  the  tubs 
when  the  si  it- valve  is  opened,  and  the  ore  is  afterwards  evenly  dis- 
tributed over  the  bottom  of  the  tub  with  a  hoe.  The  charge  could 
as  easily  be  put  into  the  tubs  from  a  car  running  on  a  railroad  at  a 
sufficient  height  above  the  tub  not  to  inconvenience  the  workmen 
in  discharging  it,  and  arranged  with  a  valve  like  the  hopper,  or  it 
could  be  dumped  into  the  vat  from  the  side. 

The  bottom  of  the  tubs  is  covered  with  four  or  five  wooden  slats, 
three  inches  by  one,  which  do  not  touch  the  sides.  Over  these,  at 
right  angles,  are  arranged  other  slats  from  an  inch  to  an  inch  and  a 
half  apart.  Gunny-sacking,  which  is  wet  from  the  previous  charge, 
or  is  w^et  purposely  when  a  new  filter  is  to  be  put  in,  is  placed 
over  these.  It  is  brought  close  up  against  the  sides  of  the  vat,  so 
that  no  ore  will  pass,  by  means  of  a  hoop,  which  fastens  it  securely 
there.  The  ore  falls  from  the  hop{)er  upon  this  canvas  and  rises  to 
within  two  or  three  inches  of  the  top  of  the  tub.  When  the  ore  is 
once  in  the  tub,  special  care  is  taken  that  it  shall  not  be  disturbed  in 
any  way.  Once  ready  for  the  water  it  is  allowed  to  remain  without 
being  disturbed  until  the  tails  are  ready  to  be  discharged.  ■  Any  in- 
terference with  the  arrangement  in  the  tub  increases  the  difficulty 
of  leaching.  The  simple  pushing  of  a  stick  two  or  three  times 
down  through  the  ore  may  delay  the  leaching  several  hours. 

In  the  bottom  of  the  tub  are  two  india-rubber  pi})cs,  about  1| 
inches  in  diameter,  one  for  introducing  the  water  and  the  other  for 
discharging  it.  When  hot  water  is  used  for  leaching  out  the  base 
metals  the  ore  is  always  wet  from  the  bottom,  the  water  being  in- 
troduced through  the  pipe  and  coming  up  through  the  ore.  It  has 
been  found  that  this  method  of  moistening  the  charge  causes  the  ore 
to  cake  less  and  the  solutions  to  percolate  through  them  much  more 
easily  than  when  the  water  was  introduced  from  above.  As  soon  as 
the  water  completely  covers  the  ore  the  supply  is  cut  off".  After  re- 
maining there  for  a  very  short  time,  the  discharge-pipe,  which  has 
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up  to  tliis  time  been  Inuig  up  liiglier  than  the  top  of  the  tub,  is 
lowereil  and  the  water  allowed  to  run  out;  the  leaching  water  is  added 
at  the  same  time.  This  water  is  permitted  to  flow  away  entirely  or 
is  collected,  according  to  the  quantity  of  water  available.  The  water 
used  for  the  base-metal  leaching  may  be  hot  or  cold.  If  the  ore  con- 
tains a  large  amount  of  load  which  has  been  converted  into  chloride 
it  will  be  best  to  leach  with  cold  water  until  the  larger  part  of  the 
lead  and  the  surplus  salt  has  been  dissolved  out.  It  is  then  leached 
with  hot  water,  cooling  the  ore,  however,  with  cold  water  before 
the  hyposulphite  is  added,  in  order  to  prevent  too  great  an  extrac- 
tion of  the  base  metals  with  the  silver.  When  the  ore  filters  slowly 
it  will  be  found  best  to  heat  the  water,  which  will  not  only  make  it 
filter  more  easily,  but  will  dissolve  the  base  metals  more  rapidly. 
When  the  charge  comes  warm  from  the  cooling-floor,  when  intro- 
duced into  the  tub,  the  water  grows  warm  from  the  heat.  In  such 
a  ciLse,  unless  the  ores  are  very  pure,  or  where  very  impure  ores  have 
been  leached  with  hot  water,  the  charge  must  be  cooled  with  cold 
water  before  introducing  the  hyposulphite,  or  the  bullion  would  be 
much  more  impure. 

As  the  water  introduced  from  the  bottom  subsides,  a  very  thin 
crust  is  formed  upon  the  top  of  the  charge,  which  is  carefully  re- 
moved and  put  by  itself  until  sufficient  accumulates  to  be  treated. 
This  material  is  quite  rich  in  silver.  It  contains  all  the  silver  which 
was  dissolved  by  the  excess  of  salt  or  other  chlorides  in  the  ore,  and 
which  would  have  been  lost  if  the  hot  water  had  been  introduced  at 
the  top.  This  amount  is  all  the  larger  if  the  solutions  are  hot,  or 
if  the  excess  of  salt  is  large,  as  a  hot  brine  dissolves  more  silver 
according  as  it  is  hot  and  saturated,  while  a  cold  one  dissolves 
hardly  any.  The  dilution  of  the  liquor  with  water  precii)itates  part 
of  the  silver  near  the  top  and  distributes  the  rest  of  it  tiirough  the 
ore,  so  that  but  little  is  lost  in  bottom  leaching.  The  top  crust  is 
collected  in  barrels;  there  is  but  a  small  quantity  on  each  tub,  but, 
as  there  are  24  tubs  constantly  in  use,  it  amounts  to  considerable  by 
the  end  of  the  month.  After  this  has  been  removed  clear  cold  water 
is  allowed  to  run  in  at  the  top,  the  quantity  being  regulated  so  that 
the  inflowing  water  will  just  be  equal  to  the  quantity  discharged,  in 
order  to  leach  out  the  base  chlorides  which  are  soluble.  Any  salt 
in  excess,  or  any  which  has  not  been  decomposed  in  the  roasting, 
will  be  dissolved  at  the  same  time.  When  the  ore  contains  but  little 
base  metal  there  is  no  advantage  in  using  hot  water.  This  is  the 
case  at  Triurafo,  in  Lower  California,  where  the  ore  is  always 
leached  cold  and  the  water  introduced  from  the  top. 
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When  the  ore,  however,  contains  a  great  excess  of  lead  or  anti- 
mony, the  method  of  introducing  the  water  from  below  is  not  suffi- 
cient, as  the  chlorides  of  these  metals  also  are  precipitated  from  the 
solution  by  dilution  with  water.  In  such  a  case  the  water  is  intro- 
duced from  the  top  and  the  liquid  allowed  to  flow  from  several 
tanks  into  compartments  filled  with  shavings,  so  as  to  get  a  large 
amount  of  surface.  Clear  water  is  allowed  t )  flow  into  these  com- 
j)artments,  so  as  to  make  the  liquor  very  dilute.  The  moment  the 
fresh  water  touches  the  stream  containing  the  chlorides,  which  was 
formerly  clear,  it  becomes  cloudy,  and  then  precipitates  the  chlorides. 
Flowing  over  so  large  a  surface,  and  being  obliged  to  pass  under  one 
compartment  and  over  the  other,  the  chlorides  of  silver,  lead  and  anti- 
mony deposit  on  the  shavings,  and  can  be  dissolved  from  them  with 
hyposulphite  and  the  solution  put  with  the  other  silver  solutions. 
The  water  running  off  contains  the  zinc,  copper,  and  iron.  At 
Triumfo  the  ore  contains  four  per  cent,  antimony  and  but  little 
lead.  No  attention  is  paid  to  the  antimony,  the  ores  being  leached 
with  cold  water.  In  Mexico  the  washing  is  repeated,  the  ore  being 
discharged  from  the  first  tub  to  be  put  into  a  second.  The  first 
washing  lasts  for  four  hours  and  the  second  a  little  less ;  the  observa- 
tion having  been  made  that  even  when  no  metal  salts  are  found  in 
the  wash-water  of  the  first  washing  some  are  found  in  that  of  the 
second;  and  only  when  nothing  is  precipitated  from  the  second 
washing  is  the  leaching  with  hyposulphite  begun.  In  the  West  but 
one  washing  is  generally  made. 

When  the  water  flowing  from  the  tubs  no  longer  gives  a  precipi- 
tate when  tested  with  sulphide  of  calcium,  the  base-metal  chlorides 
are  removed.  When  there  is  plenty  of  water,  as  at  certain  seasons 
of  the  year,  all  of  this  water  is  allowed  to  run  to  waste,  if  the  ore 
contains  no  nickel  or  cobalt  or  other  metals  which  are  worth  collect- 
ing. When,  however,  the  water  is  scarce,  or  the  base  metals  are 
valuable,  it  is  all  collected  in  the  vats.  The  base-metal  chlorides 
are  precipitated  with  sulphide  of  calcium  and  the  water  used  over 
again.  It  takes  a  quantity  of  water  equivalent  to  three  tubfuls 
to  leach  the  base-raetal  chlorides  out. 

5.  Leaching  with  Hyposulphite  of  Soda. 

The  washed  ore  is  now  leached  with  a  cold  solution  of  hyposul- 
phite of  soda.  The  strength  of  the  solution  will  depend  on  the  rich- 
ness of  the  ore  and  the  quantity  of  base  metals  present.     If  the  ore 


LEACHIXQ   GOLD   AND   SILVER   ORES   IN   THE   WEST.  55 

is  very  rich  and  but  little  base  metal  is  present  it  may  be  used  very 
strong,  and  even  warm ;  but  when  base  metals  are  present  too  much 
of  them  would  be  extracted,  so  that  the  solution  is  usually  made 
weak  and  used  cold.  At  Triumfo  the  quantity  used  is  generally 
one  pound  to  eight  gallons  of  water.  At  the  Bertrand  mill  it  con- 
tains from  half  to  three-fourths  of  a  pound  to  the  gallon.  The 
hyposulphite  is  usually  purchased.  It  comes  to  the  works  in  small 
kegs,  containing  from  50  to  60  pounds  each,  and  does  not  usually 
cost  more  than  five  to  six  cents  a  pound.  It  is  generally  cheaper  to 
purchase  it  than  to  make  it.  The  liquors  increase  in  quantity  as 
the  solutions  are  constantly  being  regenerated,  so  that  but  small 
additions  have  to  be  made,  and  this  only  to  keep  up  the  strength 
of  the  solution,  as  the  liquors  are  constantly  being  diluted.  The 
hyposulphite  is  likely  to  become  impure  when  the  ores  are  not 
properly  leached  with  M-ater  to  dissolve  out  the  sulphate  of  soda 
and  chloride  of  sodium  ;  it  is  generally  the  practice  then  to  regen- 
erate it  by  spreading  wood  ashes  over  the  ore  and  leaching  through 
that,  the  alkalies  in  the  ashes  taking  up  the  sulphates  and  the  ex- 
cess of  chlorides.  By  the  constant  use  of  the  poly  sulphide  of  cal- 
cium it  gradually  becomes  converted  into  hyposulphite  of  lime.  It 
is  sometimes  desirable,  especially  when  the  ore  contains  gold,  to  use 
hyposulphite  of  lime,  especially  as  the  polysulphide  of  calcium 
which  is  used  for  the  precipitation  of  the  silver  is  tlie  first  step  in 
the  process  of  manufacturing  it.  This  is  done  by  boiling  1.5  parts 
of  the  purest  freshly  slacked  lime  that  can  be  had  with  one  part  of 
crushed  brimstone.  Flowers  of  sulphur  sifted  through  a  fine  sieve  is 
also  used,  but  it  does  not  answer  so  well  as  the  brimstone,  which  can 
be  more  readily  obtained  and  is  more  easily  manipulated.  If  the 
lime  is  not  very  pure  it  may  be  desirable  to  use  two  parts  of  lime  to 
one  of  sulphur.  When  sulphur  is  scarce  and  high-priced  it  is  some- 
times collected  from  roasting  the  sulphide  of  silver.  The  water  is 
first  boiled  with  steam,  the  lime  is  added  and  well  stirred,  and  the 
sulphur  is  then  introduced.  Sufficient  water  must  be  added  to  keep 
the  mass  liquid,  but  not  enough  to  allow  of  the  solution  of  polysul- 
phide becoming  too  much  diluted.  The  boiling  is  kept  up  from  three 
to  four  hours.  During  this  time  polysulphide  of  lime,  mixed  with 
hyposulphite  of  lime,  is  formed,  as  shown  by  the  formula  below: 

3CaO  4-  12S  =  2CaS5  +  CaSA- 

This  operation  requires  some  care.     If  lime  is  added  in  excess 
insoluble  compounds  are  apt  to  form.    Sometimes  bisulphide  of  lime 
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is  formed,  which  crystallizes  out  as  reddish-yellow  crystals.  An 
excess  of  sulphur,  however,  does  no  harm,  and  may  be  useful 
in  the  next  operation.  The  liquid  is  allowed  to  settle  and  the 
clear  liquid  decanted.  It  is  desirable  that  this  solution  should 
be  from  8°  to  10°  Baume,  and  only  sufficient  water  is  added 
to  bring  it  up  to  that  strength.  The  liquid  is  now  treated  with 
sulphurous  acid,  made  by  boiling  charcoal  broken  to  about  the  size 
of  a  grain  of  corn,  with  sulphuric  acid  of  about  1.80°  B.,  enough 
being  used  to  make  a  pasty  mass.  This  is  done  in  an  iron  retort, 
adding  the  acid  to  the  charcoal  as  it  is  necessary.  There  is  no  ne- 
cessity of  purifying  the  gas.  When  the  yellow  color  of  the  liquid 
disappears  the  sulpliide  has  been  converted  into  hyposulphite.  This 
is  tested  with  a  dilute  solution  of  chloride  of  silver.  So  long  as 
there  is  any  precipitate  or  cloudiness  the  passage  of  the  sulphurous 
acid  must  be  continued ;  when  there  is  none  the  solution  is  ready. 
The  residue  in  the  tub  is  now  treated  with  the  same  amount  of 
water  as  before,  and  the  operation  commenced  over  again.  If  the 
resulting  liquor  is  not  more  than  3°  to  4°  B.,  it  is  too  weak,  and  is 
kept  to  treat  the  next  charge  of  lime.  The  process  used  at  Triumfo 
is  much  simpler.  The  residues  left  in  the  tub  after  the  clear  sulphide 
liquid  is  decanted  are  simply  shovelled  out  and  left  for  three  or  four 
days  exposed  to  the  sun.  They  are  then  leached  with  water,  which 
extracts  the  hyposulphite  of  lime,  after  which  they  are  thrown  away. 
This  method  is  a  very  rough  one,  as  the  oxidation  is  necessarily  very 
imperfect,  but  for  that  situation  is  a  much  more  economical  method 
than  the  use  of  sulphurous  acid. 

The  sulphide  of  calcium  made  in  the  first  stage  of  the  process  is 
the  material  used  for  precipitation.  It  should  not  be  less  than  6°  B. 
if  used  for  that  purpose.  In  some  works  the  polysulphide  of  sodium, 
made  by  boiling  soda  with  sulphur  and  treating  it  with  sulphurous 
acid  to  make  hyposulphite  of  soda,  is  used.  This  reagent  does 
not  precipitate  the  silver  so  rapidly,  nor  so  well,  and  is  not  so 
easily  washed.  For  this  reason  the  hyposulphite  of  lime  is  preferred. 
Sometimes  sulphuretted  hydrogen,  made  by  melting  paraffine  and 
flowers  of  sulphur  together,  is  used  for  the  precipitation.  Tiiis  is 
much  more  disagreeable  than  the  other  method  and  is  not  so  fre- 
quently used.  Where  hyposulphite  of  soda  is  used,  the  constant 
addition  of  lime  transforms  the  solution  gradually  into  hyposulphite 
of  lime.  The  strength  of  this  solution  is  constantly  kept  up  with  a 
hydrometer. 

When  the  ore  is  very  impure,  it  is  generally  best  to  keep  the  so- 
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lution  at  about  h°  Baume.  Before  turning  the  solution  into  the 
preiMpitatinc:  vats,  care  must  be  taken  to  see  tliat  the  water  used  for 
Jeaohinijj  out  the  base  metals  has  been  displaced.  This  is  easily  done 
by  tasting:,  as  the  hyposulphite  of  soda  and  silver  has  an  intensely 
sweet  taste,  or  better  by  testing  the  liquor  flowing  from  the  tanks 
with  suTphide  of  calcium.  As  soon  as  the  least  turbidity  is  shown, 
it  is  time  to  catch  the  liquor,  as  the  hyposulphite  is  acting.  This 
hyposulphite  liquor  is  allowed  to  run  through  as  long  as  it  has  a 
sweetish  taste.  Xo  special  attention  is  paid  to  the  time  at  the  Ber- 
trand  mill,  as  the  work  is  done  by  Chinamen  whose  records  would 
not  be  very  intelligible  or  trustworthy ;  tests  only  are  relied  on.  The 
reaction  which  takes  place  is 

2AgCl  +  2Na.SA  +  5IL,0  =  2NaCl  +  2NaAgS203  +  SH.O. 

This  hyposul|)hite  of  soda  and  silver  is  exceedingly  soluble.  The 
quantity  of  hyposulphite,  and  also  the  time  required  for  leaching,  will 
depend  on  the  richness  of  the  ore,  more  time  being  required  for  a 
rich  than  for  a  poor  one.  Ores  are  rarely  treated  that  require  a 
longer  time  than  twenty  to  thirty  hours.  An  ore  containing  from 
S300  to  S400  a  ton,  will  be  perfectly  leached  in  twelve  to  fifteen 
hours.  The  time  required  at  the  Bertrand  mill  is  from  six  to 
twenty  hours,  depending  on  the  ease  with  which  the  hyposulphite 
filters. 

As  soon  as  the  hyposulphite  ceases  to  taste  sweet,  the  solution  is 
tested  with  sulphide  of  calcium  to  ascertain  whether  the  ore  is  ex- 
hausted of  silver.  The  tester  carries  a  small  bottle  of  the  sulphide 
solution  in  which  he  has  a  stick.  He  takes  a  tumblerful  of  the 
liquid  running  out  and  lets  a  drop  or  two  of  the  sulphide  fall  into 
the  liquor  in  the  glass.  If  there  is  a  precipitation  of  sulphide  of 
silver,  the  lixiviation  is  continued.  If  there  is  no  precipitate,  and 
the  liquor  becomes  only  slightly  discolored,  he  puts  in  some  of  the 
liquor  containing  the  silver  solution  to  ascertain  whether  there  is  an 
excess  of  sulphide  of  calcium.  In  this  case  the  hyposulphite  solu- 
tion is  discontinued  and  the  excess  of  hyposulphite  must  be 
"washed  out  with  cold  water.  The  exhaustion  of  the  hyposulphite 
is  distinguished  by  the  taste.  This  last  liquor,  as  it  contains  nothing, 
goes  to  the  fresh- water  tanks. 

It  takes  from  18  to  48  hours  to  charge,  leach,  and  discharge  the 
ore,  the  time  depending  on  the  way  the  roasting  has  been  done.  Ex- 
ceptionally a  charge  will  take  a  longer  time,  sometimes  as  much  as 
five  or  six  days.     In  Mexico  the  leach-liquor  is  divided   into  two 
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parts,  as  it  has  been  found  that  that  coming  oif  first  contains  much 
less  of  the  sub-sulphates  and  oxychlorides  of  the  base  metals  than  the 
last,  and  consequently  produces  a  purer  bullion.  This  is  not  done 
in  the  West,  and,  when  all  the  product  must  be  cupelled  with  lead, 
is  not  necessary. 

The  following  table  gives  37  assays  of  the  tub  tailings  made  at  the 
Bertrand  mill  during  four  days.  They  show  a  very  low  value  in 
silver. 

Tub  Tail  Assays  from  August  28th  to  September  1st, 
1882. 


No.  of  charge. 

No.  of  furnace. 

No.  of  tub. 

Value. 

76 

2 

7 

S3.14 

81 

3 

:a 

6.59 

87 

2 

17 

4.87 

89 

2 

2 

4.71 

90 

2 

5 

4.71 

92 

2 

24 

4.55 

94 

4 

14 

4.08 

98 

4 

2 

3.14 

99 

4 

4 

4.08 

101 

4 

8 

4.08 

103 

2 

2 

3.92 

104 

2 

6 

4.08 

105 

4 

1 

3.G1 

106 

4 

14 

3.92 

107 

2 

11 

4.08 

108 

4 

6 

3.77 

109 

2 

16 

3.29 

no 

2 

6 

4.71 

132 

3 

19 

3.61 

135 

3 

3 

4.40 

338 

3 

15 

5.18 

140 

3 

1 

1.08 

141 

3 

7 

4.24 

143 

3 

14 

3.92 

144 

3 

21 

4.08 

146 

3 

9 

4.24 

147 

3 

17   . 

4.24 

148 

3 

3 

3.92 

150 

3 

21 

4.08 

172 

4 

4 

4.40 

173 

4 

8 

4,87 

174 

4 

12 

3.45 

175 

4 

22 

3.29 

176 

4 

20 

4.55 

178 

4 

10 

4.55 

180 

4 

5 

4.55 

183 

4 

20 

3.29 

As  soon  as  the  water  ceases  to  flow,  a  probe-sample  is  taken  from 
three  points  in  each  tub,  and  they  are  sent  to  the  assay  office  to  see 
whether  there  is  any  silver  left.  The  ore  assays  from  30  to  50  ounces ; 
the  tails  should  assay  only  about  4  ounces.  These  assays  are  being 
constantly  made,  20  to  30  being  often  made  in  a  day.  If  the  assays 
show  that  the  silver  is  down  to  from  4  to  6  ounces,  the  tub  is  dis- 
charged, if  not,  the  ore  has  to  be  re-roasted  and  treated  with  the 
hyposulphite   again.     This   rarely   happens,  however,  for,  as   the 


LEACHING    GOLD    AND   SILVER   ORES    IX   THE    WEST. 


59 


assays  are  constantly  being  made,  the  exact  condition  of  the  ore  is 
known  before  tlie  leaching  commences. 

The  ore  from  the  tubs  is  shovelled  into  cars  and  run  out  to  the 
dump-heap  at  the  rear  end  of  the  mill,  where  there  is  a  turn-table 
to  switch  the  cars  into  the  proper  track.  Care  has  to  be  taken  at 
first  to  see  that  the  men  do  not  cut  the  gunny-sacking  in  shovelling 
out  tlie  ore.  At  first,  before  the  men  are  experienced,  it  is  generally 
considered  a  necessary  precaution  to  cover  the  gunny-sacking  with 
slats  from  five  to  six  inches  apart,  to  insure  that  it  is  not  cut  by  the 
shovels.  When,  however,  the  workmen  are  experienced,  they  know 
when  they  are  near  the  bottom  from  the  height  to  which  they  have 
to  throw  the  leached  ore,  and  they  are  so  careful  not  to  dig  on  the 
sacking  that  these  slats  need  not  be  used.  The  sacking  is  very  sel- 
dom cut  after  the  men  are  accustomed  to  the  work. 

The  following  table  gives  the  details  of  the  leaching  of  the  same 
charges,  the  details  of  which,  during  the  roasting  process,  are  given 
on  page  50. 


No.  of 

Xo.  of  charge. 

Hours  ou 

Hours  on 

Total  hrs. 

Assay. 

Chlorin- 

Tub  tail- 

No. of 

furnace 

water. 

soda. 

leaching. 

alion. 

ings. 

tub. 

Mixed  charge. 

nVi 

49>^ 

61 

25.44 

4.08 

4.71 

1 

2 

67 

9« 

nk 

19 

28g 

42.73 

345 

3.67 

16 

Mixed  charge. 

^M 

37>^ 
28>| 

28.89 

8.79 

4.24 

17 

2 

68 

11]| 

17 

46.18 

6.12 

3.92 

19 

2 

69 

10 

15^2 

rr,}4 

27.65 

5.18 

8.98 

23 

Mixed  charge. 

lOH 

20i^ 

301 

44.49 

6.59 

4.87 

24 

2 

70 

13 

29 

42 

27.33 

3.45 

3.61 

3 

2 

71 

id'A 

n% 

38 

31.42 

7.38 

5.18 

5 

2 

72 

W.4 

17 

27^ 

26.07 

6  41 

5.49 

7 

2 

73 

6 

23 

29 

27.02 

3.61 

3.92 

9 

3 

74 

9 

15 

24 

29.52 

6.28 

3.87 

22 

3 

75 

10 

7 

17 

26.71 

4.40 

6.28 

21 

88 

9 

20 

29 

31.72 

2.03 

6.28 

15 

9i 

lOf 

19 

291 
112^ 

.32.99 

3.61 

4.08 

14 

95 

98 

35.19 

9.66 

6.12 

13 

96 

6i 

12 

18| 

44.49 

2.1)8 

3.67 

18 

1       4 

97 

8 

514 

13^ 

29.85 

6.12 

4.24 

20 

98 

11'^ 

27^ 

39 

25.75 

4.40 

3.14 

2 

99 

9^ 

10 

25>^ 

31.42 

4.08 

4.08 

4 

100 

9 

8'^ 

17J4 

27.96 

4.01 

3.61 

6 

101 

6'^ 

14V^ 

21 

25.13 

3.92 

4.08 

8 

102 

18% 

27^ 

46»4 

29.21 

6.91 

3.77 

10 

Mixed  charge. 

6 

32 

38 

45.25 

6..')9 

4.87 

11 

Mixed  charge. 

19J^ 

CO'A 

86 

26.71 

4.08 

5.34 

12 

Just  as  soon  as  the  tub  is  emjjty  a  fresh  charge  is  put  in.  The 
24  tubs  are  kept  constantly  working.  Three  men  have  entire  charge 
of  the  tubs;  they  only  work  during  the  daytime.  The  leaching, 
however,  is  continuous,  and  is  done  by  two  Chinamen  on  each  shift. 
They  fill  all  the  tubs,  do  all  the  testing  and  take  the  probe- samples. 
No  other  persons  are  allowed  to  touch  the  tubs  while  they  are  under 
their  care.  When  the  leaching  is  finished  three  laborers  discharge 
ithe  tubs,  and  carry  the  tails  to  the  dump-heap.  The  head  leacher 
is  paid  §2.50  and  his  helper  from  SI. 00  to  81.50  per  day.  Fifty  or 
[sixty  tons  a  day  are  leached  by  these  two  men. 


60         leaching  gold  and  silver  ores  in  the  west. 

6.  Precipitation  of  the  Silver. 

The  hyj>osu]phite  liquor  containing  the  silver  is  run  directly  from 
the  leaching  vats  to  the  precipitating  tanks,  which  are  8  feet  in  di- 
ameter and  12  feet  deep.  All  the  solutions,  except  the  silver  liquors, 
are  carried  about  the  mill  through  wooden  launders,  carefully  jointed 
with  tar,  and  also  painted  on  the  inside  with  it.  This  is  an  excellent 
method.  Iron  pipes  were  formerly  used,  but  they  decomposed  the 
solutions  and  sometimes  precipitated  the  silver.  Iron  pipes  lined 
with  tar  would  be  a  better  arrangement,  especially  in  those  mills 
whose  work  is  not  continuous.  These  might  be  ordinary  steam- 
pipes,  five  inches  in  diameter,  which  are  screwed  together.  Wooden 
troughs  without  the  coating  of  tar  were  formerly  used,  but  it  was 
found  almost  impossible  to  keep  them  tight,  and  the  penetrating 
nature  of  the  hyposulphite  caused  a  considerable  loss  of  the  reagents. 
Besides,  when  not  used  they  shrank,  which  was  a  very  great  disad- 
vantage, as  they  leak  for  some  time  afterwards.  Troughs  hollowed 
out  of  solid  wood  are  used  in  some  works,  but  they  are  not  easily 
made  and  are  more  difficult  to  manage.  The  whole  of  this  incon- 
venience, however,  is  remedied  by  the  use  of  iron  pipes  lined  with 
tar. 

The  silver  liquors  from  all  the  leaching  tubs  are  run  into  one  pre- 
cipitation vat  until  it  is  filled  to  within  15  to.  20  inches  of  the  top, 
the  flow  is  then  turned  into  the  next  vat.  When  this  is  done,  the  sil- 
ver is  thrown  down  at  once,  sulphide  of  calcium  being  added  until  no 
precipitation  takes  place.  The  solution  is  then  agitated  for  some 
minutes  to  make  a  thorough  mixture,  and  is  then  allowed  to  settle, 
and  the  clear  liquor  which  is  reconverted  into  hyposulphite  of  lime 
and  soda  by  the  sulphide  of  calcium  is  drawn  off  into  a  receiving 
tank  on  a  lower  level,  and  from  there  forced  into  a  tank  on  the  top 
floor,  from  which  all  the  solution  used  runs.  The  reaction  which 
takes  place  is 

2NaAgSA  +  2NaCl  +  lOHp  +  CaS  ==  Ag^S  +  2Na2S20s+ 
CaCla  +  lOH^O. 

This  solution  in  Mexico  is  at  25°  to  30°  Baume,  in  the  West  it  is 
much  weaker. 

Where  various  ores  are  treated,  it  requires  a  little  time  to  ascer- 
tain just  the  quantity  of  sulphide  to  add,  but  Avhen  the  same  ores 
are  constantly  being  used,  it  is  simply  measured  in  from  a  pail. 
There  is  no  danger  of  loss,  as  the  liquors  are  carefully  tested.  Care 
must  be  taken  not  to  have  the  sulphide  in  excess.  Only  that  por- 
tion of  the  sulphide  which  precipitates  the  silver  is  converted  into 
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hyposulpliite  of  Hnio;  any  excess  ofsulpliiile  would  cause  a  precipi- 
tation of  the  silver  already  dissolved  in  the  solution-tanks  as  sul- 
phide, which  would  not  be  dissolved  by  the  hyposulphite  and  would 
consequently  be  lost  in  the  tails.  If  there  is  an  excess  of  sulphide 
some  of  the  silver  liquor  must  be  added  to  neutralize  it.  At  the 
Bertrand  mill  the  sulphide  of  calcium  added  in  the  precipitation  of 
the  silver  keeps  the  liquor  up  sufficiently  with  the  weekly  addition 
of  about  filly  pounds  of  hyposulphite.  As  soon  as  the  clear  liquors 
are  run  off  other  liquors  are  run  in  and  precipitated,  clarified  and 
so  on,  for  about  two  weeks.  At  the  end  of  that  time  the  tanks  must 
be  discharged.  There  are  three  precipitating  tubs  for  the  sulphide 
of  silver  and  three  for  the  precipitation  of  the  base  metals  with  the 
same  sulphide  when  water  is  scarce. 

•  A  great  deal  of  trouble  has  been  experienced  in  the  various  works 
in  pumping  these  solutions.  In  this  mill  an  ordinary  Babcock's 
steam-pump  was  used,  but  iron  pumps  were  found  not  to  work  well, 
and  steam  prc-^sure  was  then  used  to  force  the  liquors  up,  which  had 
a  great  many  inconveniences.  The  simplest  way  is  that  formerly 
used  at  the  Old  Telegraph  mine,  which  was  to  use  an  ordinary  lift- 
ing pump  made  with  a  wooden  cylinder  lined  with  hard  rubber,  with 
a  hard-rubber  plunger,  which  cost  less  than  $50.  This  pump  worked 
perfectly  for  a  long  time  without  repairs. 

Every  fifteen  days  the  sulphide  of  silver  is  collected.  The  ar- 
rangement is  made  to  have  the  whole  mill  cleaned  up  at  one  time. 
To  do  this  the  sulphide  in  the  bottom  of  the  tanks  is  stirred  vigor- 
ously until  the  material  is  in  the  state  of  a  thin  mud.  It  is  then  drawn 
off  from  the  bottom  of  the  tank  and  run  over  cloth  filters.  These 
filters  consist  of  a  series  of  frames  about  2|  feet  square,  over  which 
sacking  is  securely  fastened.  There  are  30  of  these  frames,  3  in  a 
row,  built  on  the  same  table,  which  is  surrounded  by  a  rim  3  inches 
high.  Underneath  the  table  is  an  inclined  trough  which  carries  all 
the  liquors  to  the  collecting  vat.  The  turbid  liquor  from  the  pre- 
cipitating vat  is  run  on  to  this  table  and  flows  from  one  sacking  to 
the  other.  The  solution  drains  through  and  the  pasty  sulphide  re- 
mains on  the  sacking.  This  operation  is  constantly  repeated  until 
the  sulphide  of  silver  has  accumulated  in  considerable  quantity  on 

I  the  .sacking.  It  is  then  washed  with  clear  water  to  remove  the  ex- 
cess of  sulphide  of  calcium  until  it  is  perfectly  sweet.  It  is  then  left 
to  dry.  In  drying,  it  cracks  in  every  direction.  It  is  shovelled 
into  a  car  aud  carried  to  the  reverberatory  furnace  to  dry  and  roast. 
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in  some  works  collected  in  canvas  bags  and  the  water  squeezed  out 
with  a  press  before  it  goes  to  the  furnace. 

7.  Roasting  the  Sulphide  of  Silver  and  Melting 
FOR  Bullion. 

The  sulphide  of  silver  is  now  ready  to  be  dried  in  a  reverberatory 
furnace,  as  it  still  contains  some  water.  The  heat  must  be  quite  low 
at  first,  only  just  enough  being  used  to  burn  off  the  sulphur.  It 
can  only  be  increased  very  slowly  at  first  for  fear  of  melting  the 
sulphides.  It  is  roasted  until  most  of  the  sulphur  is  driven  off,  and 
the  heat  is  then  raised  to  as  high  a  temperature  as  possible  without 
melting.  When  sulphur  is  scarce  the  sulphide  is  heated  in  a  retort, 
and  the  sulphur  condensed  to  be  used  over  again.  Mr.  O.  H.  Aaron 
proposes  to  take  the  freshly  precipitated  sulphide  and  boil  it,  adding 
freshly  slacked  lime  in  small  quantities  at  a  time  to  the  liquor,  which 
is  kept  constantly  agitated.  When  this  is  carefully  done  the  poly- 
sulphide  of  calcium  will  be  formed  much  more  quickly  than  by  the 
direct  action  of  the  sulphur,  and  most  of  the  sulphur  in  the  sulphide 
of  silver  will  be  regained.  The  liquor  is  decanted,  and  the  residue 
is  dried  and  roasted.  After  roasting,  it  is  a  gray  mass  composed 
almost  entirely  of  metallic  silver. 

Formerly  the  roasted  silver  was  melted  in  graphite  crucibles,  but 
this  was  found  to  be  too  expensive.  It  is  now  cupelled  with  the  ad- 
dition of  lead  in  an  English  cupel.  The  litharges  are  rich  in  silver 
and  are  all  reduced  to  form  the  lead  for  the  next  cupellation.  From 
the  cupels  it  is  cast  into  bricks  and  is  between  800  and  900  fine. 
No  attempt  is  made  to  make  it  finer,  as  it  is  found  cheaper  to  sell 
it  than  it  is  to  refine  it. 

It  must  not  be  taken  for  granted  that  the  bullion  produced  from 
this  process  is  necessarily  purer  than  that  produced  by  any  other. 
The  contrary  is  likely  to  be  true.  If  the  ore  contains  a  large  quan- 
tity of  base  metals,  particularly  lead,  these  would  be  only  partially 
affected  by  amalgamation,  while  most  of  the  lead  contained  in  the  ore 
will  be  likely  to  be  found  in  the  bullion  made  by  leaching.  The  reason 
for  this  is  that  while  all  that  portion  of  the  lead  which  is  in  the  form 
of  chloride  may  be  leached  out,  and,  by  the  judicious  arrangement  de- 
scribed, the  other  metals  can  be  separated,  none  of  the  lead  present 
as  sulphate  will  be  attacked  by  the  water,  while  most  of  it  will  be 
dissolved  by  the  hyposulphite  and  will  be  precipitated  by  the  sul- 
phide, thus  using  a  larger  amount  of  the  reagent,  and  being  a  direct 
source  of  loss.  This,  however,  except  in  very  poor  ores,  is  not  a 
grave  inconvenience.     In  other  respects  the  bullion  is  likely  to  be 
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purer.  The  loss  is  practically  very  small.  The  outlay  for  chemicals 
is  also  very  small,  as  they  are  constantly  regenerated,  and  the  same 
water  ain  be  used  over  and  over  again.  The  amount  of  necessary 
loss  in  the  tails  will  depend,  other  things  being  equal,  on  the  price  of 
labor.  It  is  very  easy  to  ascertain  this  by  making  a  daily  clean  up, 
or  making  a  time  assay,  to  ascertain  exactly  how  much  is  being  ex- 
tracted in  a  given  time.  The  assay  shows  that  85  per  cent,  of  the 
silver  in  the  chloridized  ore  is  saved.  From  50  to  60  tons  are  easily 
treatetl  in  the  twenty-four  hours.  The  average  product  of  the  Ber- 
trand  mill  is  from  830,000  to  §40,000  per  month  ;  that  of  the  Tri- 
umfo  works  is  from  850,000  to  §60,000  per  month. 

There  are  60  men  in  all  employed  in  the  Bertrand  mill.  The 
following  table  gives  the  special  occupation  of  each  of  these  men  and 
the  wages  they  receive. 

MEN    REQUIRED    TO    RUN   THE    BERTRAND  MILL    DURING 
24    HOURS. 

Roasters— furnace  men 2  ®  $4  00  $8  00 

"        —feeders 2  @  3  00  6  00 

Driers  and  rollers, 10  @  3  00  30  00 

Cooling-floor, 6  @  3  00  18  00 

Leacliing-floor,  Chinamen,    .        ,        .        .  2  @  2  50  5  00 

....  3  @  1  50  4  50 

Eock  breakers, 2  @  3  00  6  00 

Fine  cleaners, 4  @  1  50  6  00 

Blacksmith, 1  @  6  00  6  00 

helper, I  @  3  00  3  00 

Carpenters, 2  @  5  00  10  00 

Engineer, 1  @  5  00  5  00 

1  @  4  00  4  00 

Fireman, 1  @  2  50  2  50 

Assayer, 1  @  5  00  5  00 

Lamp  cleaner, 1  @  1  50  1  50 

Foreman, 1  @  6  00  6  00 

"                 1  @  5  00  5  00 

Office  helper, 1  @  1  50  1  50 

General  helper, 1  @  3  00  3  00 

Watchman 1  @  3  00  3  00 

Ww)dmen,  Chinamen, 3  @  1  50  4  50 

1  @  3  00  3  00 

$146  50 
All  the  charging  and  discharging  and  leaching  is  done  by  four 
Chinamen  and  three  Irishmen.  The  total  cost  of  milling  the  ore 
is  $6.50  per  ton.  The  cost  of  mining  and  delivering  the  ore  at  the 
mill  is  about  $2.50,  which  makes  the  total  cost  about  $9.00  per  ton 
of  actual  expense  on  each  ton  of  SO-ounce  ore. 
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COPPER  SLIME  TBEATMENT. 

BY  r.    G.   COGGIN,   LAKE  LINDEK,   MICH. 

"If  you  could  only  get  that  motion  into  a  machine,"  said  a  gen- 
tleman, as  he  watched  the  process  of  making  a  "  van"  on  a  shovel, 
and  saw  the  copper  roll  up  to  the  highest  point,  "  it  would  beat  the 
world  for  slime-dressing."  This  idea  has  led  to  many  an  effort  to  get 
into  a  machine  that  peculiar  motion,  called  the  "vanning  motion;" 
and  so  cams,  eccentrics,  eccentric  gears,  levers,  bell-cranks,  toggle- 
joints,  links,  springs,  etc.,  have  been  brought  into  requisition,  while 
a  contribution  has  been  laid  upon  all  the  conceivable  motions,  roll- 
ing, tumbling,  swinging,  jerking,  tossing,  dropping,  tripping,  inter- 
mittent, regular  and  irregular,  or  a  combination  of  some  of  them,  to 
which  have  been  added  percussion,  concussion,  and  more  discussion 
— all  in  a  vain  attempt  to  combine  in  a  single  machine  the  consecu- 
tive motions  of  the  shovel,  in  washing,  flowing,  and  tossing  the  van. 
The  Patent  Office  Reports,  and  the  various  mills  of  the  country, 
show,  as  a  result  of  this,  a  lot  of  giracracks,  most  of  which  never 
went  beyond  a  first  trial,  finding  their  way  to  the  scrap-heap.  Others 
still  running  might  as  well  be  there;  while  some  have  considerable 
merit  for  dressing  other  and  richer  sands  than  copper. 

It  does  look  tempting  to  see  that  clean  edge  of  copper  climbing 
up  the  shovel-blade ;  but  those  who  have  seen  in  it  such  visions  of 
large  fortunes  have  not  considered  the  time  it  takes  to  make  a  van, 
compared  with  the  small  quantity  treated  upon  the  shovel ;  and  this 
points  to  the  reason  for  the  failure  of  all  that  class  of  machines 
called  "  vanning  machines,"  v/hen  used  for  dressing  copper  slimes, 
namely,  a  lack  of  capacity.  The  writer  has  come  to  this  conclusion 
through  an  experience  with  the  Rittinger  side  percussion-table  of 
the  most  improved  make,  sent  from  Germany  to  the  Calumet  and 
Hecla  Mining  Company,  and  with  the  Ellenbecker  tables,  used  by 
the  same  company,  both  of  which  are  good  types  of  that  class  of 
machines.  In  both  of  these  machines,  the  tables  are  suspended  by 
rods  which  allow  them  to  swing,  and  they  can  also  be  adjusted  for 
the  purpose  of  varying  the  inclination  of  the  table.  In  the  Rittinger 
machine,  the  motion  of  the  table  is  at  a  right  angle  to  the  flow  of  the 
slime,  being  produced  by  a  wiper-cam  which  throws  the  table  against 
a  spring,  which  throws  it  quickly  back  against  a  stop,  the  percussion 
throwing  up  the  mineral.     In  the  Ellenbecker  table,  the  motion  is 


COPPER  SLIME  TREATMENT.  65 

with  the  flow  of  the  slinio,  and  lias  a  quick  return,  produced  by  the 
use  of  eeeentric  gears,  the  idea  of  the  latter  being  taken  from  the 
valve-gear  of  the  old  Ball  steam  stamp.  The  estimated  capacity  of 
the  Rittinger  machine  was  eight  tons  per  twenty-fonr  hours;  but  it 
would  not  properly  treat  over  five  tons  in  that  time,  or  about  fifty 
pounds  [>er  square  foot  of  floor  space  taken  up  by  the  machine.  The 
Ellenbecker  table  has  about  the  same  capacity.  The  avSsay  of  slime 
was  about  1.3  per  cent.;  that  of  the  tails,  0.97  percent.  This  is 
not  considered  very  good  work. 

Of  other  machines  for  dressing  slimes,  the  best  known  are  the 
fixed  round  huddle  and  the  revolving  table  ;  perhaps  the  Frue  vanner 
may  be  included  in  this  class  of  machines,  although,  having  had  no 
experience  with  the  latter,  I  can  say  nothing  with  reference  to  its 
capabilities.  The  principle  governing  the  concentration  upon  both 
the  former  is  the  same.  In  the  one,  the  table  is  fixed  while  the  dis- 
tributing and  washing  apparatus  revolves.  In  the  other,  the  table 
revolves  while  the  rest  of  the  apparatus  is  fixed.  The  revolving 
table  is  the  most  largely  used  in  this  country,  the  design  of  Mr. 
Evans,  of  the  Atlantic  Mine,  Michigan,  being  almost  exclusively 
used  in  the  copper  mills  of  Upper  Michigan.  This  differs  little 
from  the  German  revolving  table,  except  that  it  has  a  "dead-head  " 
at  the  centre  from  6  to  8  feet  in  diameter,  one-half  of  which  is  used 
for  distributing  the  slime,  the  other  half  being  used  for  clear  water. 
The  outer  rim  of  the  latter  is  a  spiral,  the  surface  broadening  toward 
that  point  where  the  concentration  is  washed  off.  I  have  also  made 
this  rim  in  steps  of  from  six  to  ten  inches,  with  good  results. 

It  may  be  said  that  this  dead-head  takes  up  a  large  area  from  the 
table;  but  this  area,  being  immediately  around  the  centre  of  the 
table,  is  of  little  or  no  value  for  settlement;  for  the  current  of  the 
slime  delivered  at  the  centre  is  too  rapid  for  settlement  to  take  place 
until  it  has  spread  itself  over  an  area  equal  to  that  of  the  dead-head, 
the  office  of  which  is  to  spread  the  slime  moderately  and  evenly 
upon  the  revolving  table. 

In  a  paper  read  before  the  Institute  at  its  last  meeting  in  Boston, 
by  Mr.  R.  P.  Rothwell,  it  was  stated  that  in  the  German  dressing- 
works  the  revolving  tables  were  being  superseded  by  the  Linkenbach 
fixed  round  huddle,  for  the  apparent  reason  that  the  revolving  tables, 
if  over  17  feet  in  diameter,  were  expensive  to  build,  were  unwieldy, 
and  necessitated  more  operations  to  concentrate.  Some  two  years 
ago,  a  complete  set  of  drawings  of  the  Linkenbach  huddle,  with  a 
set  of  irons  for  the  same,  were  sent  to  the  Calumet  and  Hecla  Mining 
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Company  with  a  view  to  their  introduction,  the  German  estimate  of 
the  cost  of  a  single  huddle  being  $717.  A  thorough  examination 
of  the  drawings,  with  their  description,  and  of  the  irons  sent,  com- 
pared with  the  practical  workings,  etc.,  of  the  Evans  table,  led  to 
the  adoption  of  the  latter  for  several  reasons : 

1.  The  cost  of  the  Evans  table,  with  only  moderate  facilities  for 
its  construction,  will  not  exceed  $225.  The  fixed  buddle,  with  the 
inventor's  estimate  of  the  material  and  labor  at  prices  paid  for  such 
in  this  section,  would  cost  at  least  four  times  as  much,  or  $900. 
This,  for  the  number  of  tables  required  by  the  Calumet  and  Hecla 
Company  to  properly  dress  its  slimes,  would  make  a  difference  in 
first  cost  of  $20,000. 

2.  The  fixed  buddle,  with  its  revolving  apparatus,  is  more  compli- 
cated than  the  Evans  table,  and  therefore  more  liable  to  get  out  of 
order.  If  there  was  anything  to  compensate  for  the  extra  cost  of  the 
fixed  buddle,  it  would  not  matter ;  but  there  does  not  seem  to  be  any- 
thing. The  capacity  of  the  two  machines  seems  to  be  about  alike ; 
that  is,  from  12  to  13  tons  of  slime  (weighed  dry)  per  twenty-four 
hours.  This  refers  to  a  table  20  feet  in  diameter,  as  compared  with 
those  referred  to  by  Mr.  Rothwell,  said  to  be  about  26  feet  in  diam- 
eter. Comparing  the  capacity  of  the  Evans  table  with  that  of  the 
Rittinger  percussion-table,  per  square  foot  of  floor  space  taken  up, 
the  former  gives  96  pounds  of  slimes  against  50  pounds  by  the 
latter,  a  gain  in  favor  of  the  Evans  table,  or  round  buddle,  of  92 
per  cent.  The  water  required  by  the  buddle  and  table  does  not  seem 
to  vary  much.  Taking  Mr.  Rothwell's  figures,  the  minimum,  5J 
tons  of  slime  in  ten  hours  with  19  gallons  per  minute,  gives  about 
2100  gallons  of  water  to  the  ton  of  sand.  Experiments  with  the 
Evans  table  give  about  2000  gallons  to  the  ton.  There  is  no  diffi- 
culty in  making  an  Evans  table  20  feet  in  diameter  or  more  without 
making  it  unwieldly,  and  at  a  cost  specified  above.  Nor  is  there 
any  difficulty  in  putting  one  table  above  another,  either  on  the  same 
shaft,  to  be  driven  together,  or  on  a  framework,  to  be  driven  indepen- 
dently ;  and  in  either  case,  the  power  to  drive  them  is  of  no  conse- 
quence, as  the  table  revolves  upon  a  steel  step  1^  inches  in  diameter, 
and  a  child  could  turn  one  even  while  loaded.  With  respect  to  the 
surface,  those  used  in  Upper  Michigan  being  made  of  wood,  have  a 
wood  surface  which  works  very  well.  One  table  has  a  canvas  sur- 
face, which  is  said  to  work  well  for  certain  grades  of  copper.  I 
think  that  the  best  surface  for  the  peculiar  stuff  to  be  treated  can 
only  be  determined  by  experiment.     I  understand  that  in  Germany 
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much  experimenting  has  been  done  in  this  line  without  fixing  upon 
anyone  surface  suitable  to  all  materials  and  conditions;  marble, 
slate,  cement,  ;\-otHl,  rubber,  canvas,  etc.,  each  having  been  found 
l:)est  under  as  many  conditions.  This  holds  true  with  respect  to 
nearly  all  machines,  and  many  a  machine  that  is  doing  its  best  in 
one  place  is  condemned  in  another  because  it  will  not  give  as  good 
results,  under  varying  conditions,  when  perhaps  only  a  slight  modi- 
tication  in  the  machine  itself  was  needed.  As  well  condemn  the  saw 
that  will  not  easily  split  the  board  it  has  so  easily  cut  in  two. 

As  to  sizing  the  material  for  the  table,  I  am  not  yet  convinced  as 
to  the  necessity  for  it,  in  copper  dressing.  It  seems  to  me  that  the 
necessity  for  it  is  brought  about  only  by  poor  separation  at  the  jigs. 
"NVith  the  separators  usually  used,  the  trouble  has  been  that  if  enough 
hydraulic  is  used  to  keep  the  jigs  free  from  slime,  it  carries  over 
the  tail  of  the  separator  a  great  deal  of  sand  that  should  remain  on 
the  jigs,  and  which  is  detrimental  to  good  work  on  the  table.  This 
is  true  of  all  separators  where  the  excess  of  the  hydraulic  has  to  pass 
up  through  a  narrow  aperture,  through  which  also  the  mineral  must 
fall.  I  suppose  as  much  effort  iuis  been  made  to  secure  a  perfect  sepa- 
ration as  in  any  other  line  in  mineral  washing.  Many  have  worked 
with  a  wrong  end  in  view,  and  I  may  add  in  hydraulic  separation, 
an  impossible  end,  namely,  a  perfect  sizing  of  the  particles.  Not 
only  that,  but  for  jigging  purposes,  a  perfect  sizing  is  not  desirable, 
especially  with  the  coarser  sands  ;  but  as  this  is  not  within  the  prov- 
ince of  slime-treatment,  I  will  not  stop  to  discuss  it. 

However  necessary  it  may  be  to  classify  the  slimes,  before  going 
to  the  tables,  it  is  certainly  necessary  to  first  get  all  the  slime  free 
from  the  sand  that  should  remain  on  the  jigs.  I  am  glad  to  an- 
nounce that  this  has  at  last  been  accomplished  with  the  separator 
recently  adopted  by  the  Calumet  and  Hecla  Company,  and  secured 
by  letters  patent.  In  the  usual  method  of  washing  and  separation, 
M'here  tiie  mineral  has  to  drop  through  a  narrow  aperture,  against  a 
rapid  and  direct  current  of  water,  if  the  current  is  strong  enough  to 
keep  back  the  heaviest  particles  of  slime,  it  will  also  keep  back  the 
lighter  particles  of  sand,  suitable  only  for  the  jigs.  Moreover,  a 
great  deal  of  the  slime  clings  to  the  larger  particles  of  the  sand,  and 
must  be  washed  off  in  the  separator  if  good  work  is  desired.  Here- 
tofore I  have  seen  no  separator  that  would  do  this.  In  the  new 
separator  alluded  to,  the  hydraulic  is  brought  into  each  compartment 
from  behind,  by  a  pipe  whose  discharge  is  opposite  to  and  near  the 
spigot.     Over  this  pipe  and  spigot  is  placed  an  adjustable  shield 
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which  controls  the  hydraulic  so  that  it  reacts  with  a  uniform  current 
against  the  mineral  seeking  egress  through  the  spigot,  effectually 
washing  all  the  slime  from  the  particles  suitable  for  the  jig.  This 
process,  being  repeated  at  each  spigot  as  far  as  carried  for  the  jigs, 
carries  away  the  slime,  leaving  the  jig-tails  perfectly  clear,  while  the 
tables  reveal  the  fact  that  no  sand  suitable  for  jiggiug  has  been  car- 
ried over.  This  is  a  very  important  part  of  slime-treatment.  These 
results  are  accomplished  with  from  twenty  to  twenty-five  per  cent, 
less  water,  which  very  much  facilitates  the  subsequent  treatment  of 
the  slime. 

Recent  trials  contrasting  the  new  separator  with  tlie  old  V-shaped 
separator,  with  reference  to  the  quantity  of  hydraulic  required  when 
both  were  doing  the  same  work  in  separating  the  slimes,  showed  a 
decrease  of  fifty  per  cent,  in  favor  of  the  new  separator,  which  at  the 
same  time  was  giving  much  the  best  classification  for  jigging  pur- 
poses. 

This  separator  was  more  fully  described  in  a  paper  read  before 
the  Institute  at  its  last  meeting  in  Boston,  by  Professor  Robert 
H.  Richards,  of  the  Institute  of  Technology  in  Boston.  The  slimes 
of  the  Calumet  and  Hecla  assay  from  1.2  to  1.3  per  cent.,  the  tails 
of  the  Evans  table  going  away  at  about  0.65  per  cent. — results 
that  are  very  good,  considering  that  no  free  copper  is  found  in  the 
tailings.  No  matter  how  finely  subdivided  these  sands  may  be,  the 
particles  still  contain  a  finer  particle  of  copper. 

Thanks  are  due  to  the  Calumet  and  Hecla  Mining  Company, 
which  has  been  so  liberal  in  its  search  for  the  best  appliances,  and 
which  has  seconded  the  efforts  of  those  out  of  whose  research  and 
experience  these  results  have  come. 
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GNEISSES. 

BY  PROF.  C.  II.  niTCnCOCK,  STATE  GEOLOGIST,  HANOVER,  N.  II. 

Report  C  of  the  Second  Geological  Survey  of  Pennsylvania,  by 
Charles  E.  Hall,  describes  the  rocks  of  the  Philadelphia  belt,  and 
sets  forth  conclusions  widely  different  from  those  derived  by  others 
from  the  study  of  similar  strata  along  the  same  stratigraphical  line. 

Mr.  Hall  classifies  these  rocks  into  three  groups :  First,  the  Phila- 
delphia schists  and  gneisses,  well  shown  within  the  city  limits  and 
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dipping  northerly  ;  second,  the  ]Manayunk  schists  and  gneisses,  siuM- 
larly  situated;  third,  the  Chestnut  Hill  schists,  serpentines,  and 
gneisses,  in  synclinal  attitude;  all  three  probably  amounting  to 
20,000  feet  in  thickness.  A  fourth  crystalline  band  is  to  be  seen 
north  of  Chestnut  Hill,  which  Prof.  II.  D.  Rogers  called  the  **  third 
bolt,"  and  supposed  it  to  be  the  equivalent  of  Hall's  Philadelphia 
and  Manayunk  groujis,  on  the  opposite  side  of  a  synclinal.  Inas- 
much as  the  lithology  of  the  two  series  is  very  dilfereut,  it  would 
seem  that  Mr.  Hall  is  correct  in  regarding  them  as  of  diverse  age. 
It  would  follow  necessarily  from  the  agreement  of  both  observers  as 
to  the  dips,  that  a  profound  foult  must  exist  between  the  Chestnut 
Hill  schists  and  the  "third  belt."  The  "third  belt"  is  overlaid 
unconformably  by  a  quartzite,  referred  to  the  Potsdam,  whose  con- 
stituents seem  to  have  been  mainly  derived  from  this  hornblondic 
gneiss,  rightly  called  Laurentian.  In  endeavoring  to  assign  the 
Philadelphia  groups  to  their  proi)er  horizon,  our  author  finds  no 
place  for  them  lower  down  than  the  Devonian — forgetting  tUat  he 
ha.s  not  stated  what  groups  should  occupy  the  place  of  this  uncon- 
formity. My  studies  elsewhere  lead  me  to  refer  these  Philadelphia 
gneisses  to  the  Montalban  system  of  New  Hampshire,  which  corre- 
sponds in  time  to  the  admitted  stratigraphical  bi^eak  between  the 
Laurentian  and  Potsdam.  There  is  nothing  in  any  of  the  facts  pre- 
sented in  the  report  which  cannot  be  explained  better  by  the  adop- 
tion of  this  view;  and  it  looks  to  us  as  if  Mr.  Hall  did  not  properly 
keep  in  mind  the  presence  of  the  Chestnut  Hill  fault.  The  apparent 
dip  of  the  Potsdam  beneath  the  mica  schists  has  no  significance. 

Prof.  Lesley,  in  commenting  upon  Mr.  Hall's  conclusions,  thinks 
"we  can  accept  the  Palaeozoic  age  of  the  Philadelphia  gneisses  with 
a  moderately  reserved  confidence:"*  and  refers  to  his  own  impres- 
sions of  thirty  years  ago,  obtained  from  studies  in  New  England,  as 
confirmatory.  In  the  original  paper,  f  he  speaks  of  these  opinions  as 
"conjectures,"  based  upon  the  supposed  synclinal  structure  of  the 
White  Mountains,  as  observed  along  the  Grand  Trunk  Railway  and 
at  Waterville.  The  New  Hampshire  Geological  Survey  has  shown 
satisfactorily  that  the  structure  of  these  mountains  is  altogether  dif- 
ferent. Besides  this,  Prof.  Lesley  has  himself  given  us  a  contrary 
opinion  in  his  own  writings,  and  in  sj)ite  of  his  own  later  remarks 
in  C*,  posterity  will  not  fail  to  rank  him  as  one  of  the  strongest  ad- 
vocates of  the  Eozoic  age  of  the  Atlantic  crystalline  rocks.     He  had 

*  Report  C  *,  page  xi. 

t  Proc.  Acad.  Xat.  Sci.,  Phila.,  1860,  p.  363. 
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just  prepared  an  elaborate  topographical  map  of  Eastern  America  for 
the  President  of  the  Grand  Trunk  Railway,  for  the  purpose  of  show- 
ing the  intimate  connection  existing  between  the  topography  and 
geology  of  a  country.  He  says,  after  the  first  inspection  of  the  com- 
pleted work,  "I  was  surprised  at  the  beauty  of  the  whole  representa- 
tion, now  for  the  first  time  made  to  the  eye.  The  correlation  of  parts 
was  very  fine,  in  a  geological  sense.  The  plateau  of  tho  coal,  com- 
mencing in  Alabama  and  cut  off  square  by  the  Hudson,  contrasted 
strongly  with  the  essentially  unbroken  run  of  the  Quebec  group  and 
Laurentian  system,  from  Georgia  to  the  extreme  east  end  of  Canada ; 
while  the  open  valley  of  the  Lower  Silurian,  everywhere  keeping  two 
systems  apart,  was  most  remarkable."'*'  It  is  not  possible  to  state 
more  forcibly  the  topographical  argument  for  the  unity  of  the  crystal- 
line series  from  Alabama  to  Quebec;  and  it  is  consequently  very 
strange  to  find  this  admirable  generalization,  derived  from  a  survey 
of  the  whole  field,  laid  aside  for  an  earlier  crude  conjecture.  Phila- 
delpliia  is  situated  at  the  largest  depression  in  the  Atlantic  range,  and 
is  hence  badly  located  for  the  study  of  these  complicated  questions  of 
age. 

In  confirmation  of  the  Eozoic  age  of  the  crystalline  highland  series, 
we  find  the  ancient  primordial  sea-beach  continuously  skirting  its 
western  edge.  In  Vermont,  New  York,  Pennsylvania,  Virginia, 
and  Tennessee,  observers  agree  in  ascribing  the  source  of  the  grains 
of  sand  in  this  quartzite  to  the  crystalline  rocks  to  the  southeast — 
thus  establishing  the  doctrine  of  the  existence  of  dry  land  in  pre- 
Cambrian  times  in  the  Atlantic  district.  This  has  lately  been  con- 
ceded for  Southern  Vermont  and  New  York  by  Prof.  J.  D.  Dana. 
It  is  also  universally  agreed  that  the  entire  Appalachian  district  has 
been  gradually  developed  by  successive  additions  to  this  ancient  pri- 
mordial beach.  Hence,  there  must  have  been  a  very  large  area  of 
land  to  the  southeast,  before  the  Potsdam  age,  both  to  furnish  a  floor 
for  the  support  of  the  Palaeozoic  sediments  and  for  their  origin.  The 
40,000  feet  of  strata  in  Pennsylvania  did  not  come  from  the  narrow 
"  third  belt "  of  Rogers.  The  Philadelphia  gneisses  and  many  thou- 
sand square  miles  of  other  crystalline  rocks  must  then  have  stood 
above  the  sea-level  and  furnished  the  pabulum  for  the  rapidly  grow- 
ing continent. 

If  we  look  on  this  crystalline  area  north  of  Pennsylvania,  we  shall 
find  fossiliferous  representatives  of  all  the  leading  Palaeozoic  groups 
of  rocks,  resting  upon  the  schists.     The  Cambrian  occurs  with  Para- 

*  Trans.  Amer.  Phil.  Soc,  vol.  xiii.,  N.  S ,  p.  307,  1866. 
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doxidi's,  Conoconfplw,  ami  Lingula  in  Southeav'^t  INIassachusctts,  and 
with  a  nuu'h  larger  fauna  in  Xew  Brunswick.  Silurian  groups 
(xxnipv  large  areas  through  Massachusetts  and  Vermont  just  west 
of  Connecticut  River.  The  Niagara  is  now  known  at  several  points 
east  of  the  Connecticut  in  Xew  ILunpsiiire,  almost  under  the  shadow 
of  the  White  Mountains.  The  Oriskany  is  much  thicker  in  Maine 
than  elsewhere  in  the  country,  and  the  same  may  be  true  of  the  as- 
sociated Lower  Heklerberg.  The  same  are  distributed  more  or  less 
commonly  over  Northern  New  Brunswick.  The  Upper  Helderberg 
is  recognized  at  Bernardston,  Massachusetts,  Memphremagog  Lake  in 
Canada,  and  in  Maine.  The  nearest  locality  to  Pennsylvania  is  evi- 
denced by  middle  and  lower  Devonian  fossils  found  in  pebbles  of  cre- 
taceous sandstone  in  the  clay  district  of  Middle  New  Jersey.  Prof. 
Cook  says  their  source  "  must  be  looked  for  to  the  southeast  of  the 
present  strata."* 

The  carboniferous  area  of  New  England  contains  more  square 
miles  than  the  anthracite  fields  of  Pennsylvania,  and  has  yielded 
numerous  specimens  of  fossil  plants  for  the  museums.  Many  other 
Palaeozoic  outcrops  would  be  displayed,  could  we  get  access  to  the 
submerged  part  of  the  continent  between  New^  Jersey  and  the  Great 
Banks  of  Newfoundland.  Wherever  found,  these  strata  are  well 
characterized,  are  not  metamorphosed  beyond  recognition,  and  when 
thoroughly  examined  are  clearly  distinct  from  the  crystalline  floors 
supporting  them.  We  cannot  resist  the  growing  conviction  that  all 
the  thoroughly  crystalline  series  of  the  Atlantic  region  are  of  Eozoic 
age,  while  traversed  by  large  eruptive  areas  of  granitic  character. 
But  these  crystalline  schists  are  grouped  into  terrains  easily  separa- 
ble into  successive  periods  of  growth.  We  easily  recognize  a  basal 
group  of  porphyritic  gneisses ;  secondly,  talcose  and  biotitic  gneisses  ; 
thirdly,  the  mixed  rauscovite  and  biotite-schists  characteristic  both 
of  the  White  Mountain  and  Pliiladelphia  areas;  fourthly,  the  Hu- 
ronian.  Subsequently,  there  were  other  deposits  of  mica-schists, 
frequently  confounded  with  the  Montalban,  and  so  fresh  in  appear- 
ance that  some  authors  regard  them  as  belonging  to  some  unknown 
Palaeozoic  period.  When  geologists  really  attempt  the  study  of  the 
crystallines,  they  will  find  abundant  opportunity  for  prolonged  and 
elaborate  investigations. 

Exceptions  to  Mr.  Hall's  views  have  already  been  taken  in  public 
by  Profs.  P.  Frazer,  H.  Carvill  Lewis,  and  Mr.  T.  D.  Rand. 

*  Keport  on  the  Clay  Deposits,  p.  30, 
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Discussion. 

Dr.  Persifor  Frazer,  Philadelphia:  It  would  have  aided  Pro- 
fessor Hitchcock  in  understanding  all  the  difficulties  which  beset 
this  region,  if  he  had  been  personally  on  the  ground.  He  would  then 
see  that  these  difficulties  are  inherent  in  the  case,  and  have  been  ex- 
perienced, as  he  mentions,  not  only  to  the  northeast  but  throughout 
the  whole  extent  of  the  Atlantic  range.  If  I  correctly  understood 
Professor  Hitchcock's  remarks,  they  were  directed,  first,  to  showing 
that  Mr.  Hall's  reason  for  supposing  that  the  ridge  north  of  the  Chest- 
nut Hill  schists  was  composed  of  the  lowest  rocks  (i.  e.,  because 
they  had  been  recognized  as  Laurentian  in  New  Jersey)  was  not  a 
valid  one,  and  that  the  schists  to  the  north  and  south  of  that  ridge 
might  be  connected  in  a  synclinal.  A  few  moment's  inspection  of  the 
ridge,  where  it  is  cut  by  the  Schuylkill,  would  have  dissipated  this 
notion,  as  its  anticlinal  character  is  apparent,  and  it  is  needless  to 
introduce  arguments  against  a  structure  which  would  place  an  anti- 
clinal in  the  lap  of  a  synclinal. 

I  agree  with  Professor  Hitchcock  as  to  the  pre-Palseozoic  character 
of  the  Philadelphia  gneisses,  and  of  the  south  Yalley  Hill  schists, 
and  also  in  profound  faults  which  occur  on  both  sides  of  the  Lau- 
rentian ridge  and  in  general  parallel  with  its  axis.  One  of  these  is 
with  little  doubt  situated  close  to  the  Chester  Valley,  and  forms  the 
southern  border  of  the  latter  throughout  the  entire  county.  It  is 
possible,  also,  that  a  fault  exists  south  of  this  Laurentian  mass  in 
Philadelphia  County,  but,  if  my  surmise  be  correct  that  the  Buck 
Ridge  is  a  prolongation  of  the  Tocquan  anticlinal,  which  crosses  the 
Susquehanna  at  the  creek  of  that  name,  then  this  fault  does  not  ex- 
tend southward  and  westward  in  a  line  parallel  to  the  axis  of  the 
anticlinal,  because  on  each  flank  of  this  anticlinal  are  regularly  de- 
posited thousands  of  feet  of  Huronian  measures,  the  axis,  according 
to  my  theory,  sinking  towards  the  southwest,  and  being  represented 
on  the  Susquehanna  by  more  modern  rocks  than  on  the  Schuylkill. 
It  may  be  that  this  fault  is  connected  with  the  obscure  structure  in 
the  neighborhood  of  Fishing  Creek. 

It  has  been  stated  that  H.  D.  Rogers  supposed  the  three  belts  of 
the  southern  gneiss-zone  to  represent  three  separate  horizons.  The 
following  language  of  Professor  Rogers's  Final  Report  (pp.  79  and 
80)  will  set  this  question  at  rest : 

"If  now  we  review  these  interesting  features" — (of  the  southern 
zone), — "we  can  hardly  resist  the  conclusion  that  in  the  three  belts 
passed  over  by  our  section  there  are  really  but  two  groups  of  rocks, 
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a  lower  ami  a  higher,  and  that  the  entire  zone,  viewed  broadly,  con- 
stitutes but  one  wiile  synclinal  wave  or  basin,  the  harder  feldspathic 
or  hornblendic  gneiss  dipping  northward  throughout  the  whole 
southern  belt  or  outcrop,  and  reappearing  in  steep  and  multiplied 
contortions  on  the  other  side  of  the  trough,  and  the  upper  or  more 
micaceous  groups  of  rocks  tilling  the  synclinal  centre  of  the  trough, 
and  compressed  into  the  lesser  foldings  which  it  exhibits  by  the 
lateral  force  of  the  wide  crust  undulations  within  which  it  has  been 
caught  and  tolded." 

T.  IX  Rand,  Philadelphia :  I  have  a  word  to  say  in  regard  to 
the  Chester  Valley.  There  exists  on  the  south  side  of  the  valley,  as 
on  the  north,  a  body  of  sandstone,  quite  distinct  in  some  places, 
not  through  its  entire  length,  but  distinct  in  several  localities.  I 
do  not  say  that  the  sandstone  is  Potsdam  ;  I  do  not  profess  to  be 
geologist  enough  to  know.  But  that  belt  of  sandstone  occurring 
just  where  the  Potsdam  ought  to  be,  if  the  valley  is  synclinal,  oppo- 
site its  location  on  the  north  side,  seems  for  some  reason  to  have 
been  iirnored. 
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FEBBOMANGANESE,  STEEL,  Etc. 

by  magnus  troilius,  midvale  steel  works,  nicetown, 
phii-adelphta. 

The  importance  of  having  methods  for  the  rapid  and  accurate  de- 
termination of  manganese  in  mcxlern  steel  manufacture  cannot  be 
overestimated. 

The  method  adopted  in  the  laboratory  of  the  Midvale  Steel  Works 
is  very  satisfactory,  and  I  think  it  will  be  of  interest  to  some  of  the 
members  to  give  a  description  of  it. 

Before  giving  the  more  detailed  account  of  the  manipulations,  a 
review  of  some  well-known  methods  and  chemical  facts  may  not  be 
out  of  ])lace.  The  "bromine  and  ammonia"  process,  as  fully  de- 
scribed in  the  tenth  volume  of  the  Tr'ansaclions  of  this  Institute,  was 
certainly  an  improvement  on  the  methods  in  which  fixed  alkaline 
salts  were  used,  as  these  gave  invariably  too  high  results,  as  generally 
carried  out.  But  the  separation  of  all  the  iron  before  the  manganese 
was,  in  both  methods,  a  source  of  great  inconvenience  and  delay. 
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The  discovery  of  the  insolubility  in  strong  nitric  acid  of  man- 
ganese dioxide  (MnOa),  '^^s  been  of  great  value,  but  the  modes  of 
determining  manganese  based  on  this  discovery  are  very  different, 
and  the  opinions  as  to  the  results  somewhat  conflicting. 

I  hope  that  the  statements  given  in  this  paper  may  serve  to  throw 
some  more  light  on  the  subject,  and  remove  unnecessary  prejudice 
against  one  of  the  most  remarkable  improvements  in  modern  steel- 
chemistry. 

When  a  solution  of  iron  in  nitric  acid  (1.42  sp.gr.)  is  boiled  with 
crystals  of  potassium  chlorate,  all  the  manganese  present  is. precipi- 
tated as  MnO,,  this  compound  being  almost  entirely  insoluble  in  hot 
acid,  and  completely  so  in  the  cold  acid.  Thus,  if,  after  boiling,  cold 
strong  acid  be  added,  complete  precipitation  is  secured,  and  the 
Mn02,  contaminated  with  a  little  oxide  of  iron,  and  small  amounts 
of  other  oxides  that  may  happen  to  be  ])resent,  can  be  filtered  off, 
purified  by  basic  acetates,  and  determined  by  precipitation  in  am- 
moniacal  solution  with  bromine,  igniting  and  weighing  as  MngO^, 
as  in  the  old  bromine  and  ammonia  process. 

This,  indeed,  was  the  first  method  used  at  Midvale,  after  aban- 
doning the  cumbrous  basic-acetate  processes.  But  even  this  proved 
to  be  too  slow  a  procedure,  and  a  volumetric  method  suggested  itself 
as  the  nearest  solution  of  the  problem. 

Under  the  supposition  that  all  the  jnanganese  is  precipitated  as 
binoxide  by  nitric  acid  and  potassium  chlorate,  I  added  to  the  pre- 
cipitate, after  separating  it  as  usual,  a  measured  quantity  of  stand- 
ardized ferrous  sulphate  solution,  and  titrated  the  amount  left  un- 
oxidized,  using  potassium  bichromate  as  standard  oxidizing  liquid. 
I  expected  to  find  the  results  by  this  process  slightly  higher  than  by 
the  previous  gravimetric  process,  owing  to  a  slight  loss  in  the  latter 
in  the  basic  acetate,  and  on  the  sides  of  the  beaker,  when  precipitat- 
ing the  manganese  by  bromine  in  ammoniacal  solution.  Tiie  results 
confirmed  this  expectation,  and  thus  a  practical  proof  was  at  the 
same  time  obtained  that  the  manganese  is  really  precipitated  as  MnOj, 
and  not  as  some  lower  oxide. 

That  the  manganese  would  be  completely  separated  as  dioxide 
by  potassium  chlorate  and  nitric  acid  might,  moreover,  be  antici- 
pated by  considering  the  following  facts: 

1.  If  manganese  dioxide  be  boiled  with  potassium  hydrate  and 
potassium  chlorate,  it  will  be  converted  into  [)ota«sium  permanganate, 
easily  extracted  with  water  after  evaporation  to  dryness. 
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2.  Further,  if  potassium  permanganate  be  boiled  with  sfronc/  nitric 
aci».l,  all  the  mang;\nese  will  separate  as  dioxide,  insoluble  in  the  excess 
of  nitric  acid  ;  but,  if  weak  acid  be  used,  this  reaction  will  not  take 
place. 

Now,  when  preciiMtating  the  manganese  by  potassium  chlorate  in 
a  nitric  acid  solution,  as  described,  a  combination  of  these  two  re- 
actions does  evidently  take  place.  A  hot  nitric  acid  solution  of  man- 
ganese is  in  itself  in  a  highly  oxidizable  condition,  and  on  addition 
of  the  powerful  oxidizer,  potassium  chlorate,  it  is  brought  to  its 
maximum  of  oxidation,  viz.,  permanganic  acid.  This  can  easily  be 
seen  if  water  be  added  while  there  are  still  crystals  of  potassium 
chlorate  left  undecomposed.  The  well-known  pink  color  will  then 
I  distinctly  appear.  But  as  there  is  an  excess  of  strong  nitric  acid 
present,  the  above  reaction  (No.  2)  will  take  place,  and  all  the  man- 
ganese will  be  brought  down  as  dioxide. 

How  the  manganese,  in  view  of  the  facts  referred  to,  could  reach 
a  lower  state  of  oxidation  than  MnO^,  as  has  been  erroneously  sup- 
posed by  some,  is  not  easy  to  see.  The  whole  tendency  in  this  pro- 
cess is  to  convert  the  manganese  into  its  highest  state  of  oxidation, 
which  would  be  permanent  but  for  the  existence  of  the  compound, 
MnOo,  insoluble  in  nitric  acid. 

In  fact,  the  principal  precaution  in  the  potassium  chlorate  and 
nitric  acid  process  is  to  avoid  loss  through  formation  of  permanganate 
of  potash.  This  precaution  is  observed  by  cooling  with  strong  acid 
after  precipitation,  and  in  washing  with  strong  nitric  acid  until  all 
the  chlorate  of  potash  has  been  thoroughly  washed  out. 

Volumetric  Determination  of  Manganese. 
For  spiegeleisen,  0.2  gram;  for  ferromanganese,  0.1  gram;  and 
for  steels,  5  grams,  are  taken  for  the  test.  Spiegel  and  ferroman- 
ganese are  dissolved  in  dilute  nitric  acid,  and  afterwards  boiled  with 
the  strong  acid  ;  but  steels  are  dissolved  in  hydrochloric  acid,  the  so- 
lution evaporated  to  moderate  dryness,  the  mass  dissolved  in  strong 
nitric  acid,  and  boiled  until  the  excess  of  hydrochloric  acid  has  been 
removed. 

To  the  boiling  solution  in  strong  nitric  acid  small  crystals  of  po- 
tassium chlorate  are  gradually  added.     Yellow  fumes  are  given  off, 
and  soon  a  brown  precipitate  appears.   A  few  more  crystals  are  then 
^    added,and  boiling  is  continued  for  a  few  minutes.  The  solution  should 
^Lcot  be  too  concentrated  when  adding  the  potassium  chlorate,  as  then 
^Bviolent  explosions  will  occur  (ClOj).     Add  an  excess  of  cold  strong 
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tion  pump,  in  a  glass  tube.  Wash  with  strong  nitric  acid  and  finally 
with  cold  water.  Blow  the  contents  of  the  glass  tube  back  into  the 
beaker  in  which  the  precipitate  was  made,  and  add  from  a  pipette 
100  c.c.  of  a  sulphuric  acid  solution  of  ferrous  sulphate  containing 
about  10  grams  of  salt  (or  2  grams  of  iron)  in  1  liter.  E,un  in 
boiling  water,  and  stir  until  no  small  lumps  of  precipitate  are  visible. 
Transfer  the  solution  and  the  asbestos  to  a  large  porcelain  dish,  and 
titrate  with  standard  potassium  bichromate  (14  grams  of  K2Cr20y 
to  1  liter).  The  end  reaction  is  most  delicately  observed  by  mixing 
drops  from  the  solution  with  small  drops  of  a  solution  of  potassium 
ferricyanide  (KgCyi2Fe2)  on  a  porcelain  plate.  The  solution  of 
KgCyi2Fe2  will  be  of  proper  strength  when  a  small  crystal,  of  the 
size  of  a  pea,  is  dissolved  in  100  c.c.  of  water. 

The  solution  of  the  bichromate  is  standardized  by  means  of  ammo- 

nio-ferrous  sulphate  I  -t?  j  2SO4  +  GHgO,  containing  one-sev- 
enth part  of  iron.  The  iron  standard  multiplied  by  .491  gives  the 
manganese  standard,  according  to  the  following  formulas : 

1.  Mn02  +  2FeO  =  MnO  +  FeaOg. 

2.  6FeS0,  +  K2Cr20,  +  7H2SO,  =  3(Fe23SO,)  +  K2SO,  + 
Cr23SO,  +  7H2O. 

A  determination  of  this  kind  can  be  easily  completed  in  two  hours. 
In  the  case  of  spiegel  and  ferromanganese,  however,  still  more  rapid 
results  may  be  obtained  by  using  an  indirect  method,  determining 
the  iron  by  standard  bichromate,  and  deducting  for  silicon,  phos- 
phorus, copper,  carbon,  etc.,  a  figure  obtained  from  Professor  Lede- 
bur's  table: 

For  iron,  less  than  20  per  cent.,  deduct  7.5  percent. 

For  iron,  20  to  45  per  cent,,  deduct  0.5  per  cent. 

For  iron,  45  to  65  per  cent.,  deduct  6.0  per  cent. 

For  iron,  65  per  cent,  upwards,  deduct  5.5  per  cent. 

This  gives  the  manganese,  by  difference,  within  .5  per  cent.,  and 
this  is,  for  all  practical  purposes,  sufficient.  As  the  direct  method, 
however,  can  be  carried  out  in  a  very  short  time,  both  methods  should 
always  be  used  for  control. 

If  metals,  such  as  lead,  cobalt,  etc.,  be  present  when  ])recipitating 
the  manganese  with  potassium  chlorate  in  nitric  acid,  too  high  re- 
sults may  be  obtained,  owing  to  the  formation  of  the  higher  oxides 
of  these  metals.  But  these  metals  do  not  generally  occur  in  such 
quantities  as  to  cause  any  serious  error,  not  even  in  the  ores  used  for 
the  manufacture  of  spiegel  and  ferromanganese. 
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The  bichromate  is  jireferable  to  the  permanganate  for  iron  deter- 
minations generally,  and  for  the  manganese  determination  jnst  de- 
seril^ed  the  permanganate  is  inadmissible,  except  with  special  pre- 
cantions.  particularly  when  oxalic  acid  is  used  instead  of  ferrous 
sulphate. 

The  permauganate,  being  an  excessively  powerful  oxidizer,  will 
be  decolorized  by  any  organic  matter  that  may  have  come  from 
the  asl>estos  or  other  sources,  while  the  bichromate  does  not  alter 
from  this  cause.  This  fact  is  very  apparent  when  a  sulphuric- 
acid  solution  of  oxalic  acid  is  titrated  with  permanganate  at  a  tem- 
perature of  about  70°  Cent.  Oxalic  acid  is  best  titrated  in  nitric- 
acid  solution  at  a  temperature  of  G0°,  but  this  could  not  be  applied 
for  the  manganese  determination  in  question,  although  it  is  very 
suitable  for  lime  determinations  in  ores  (Eggertz). 

The  bichromate  solution  can  be  used  even  for  titrating  hot  hydro- 
chloric acid  solutions,  although  the  end  reaction  in  this  case  is  not 
so  distinct  as  when  a  hot  sulphuric  acid  solution,  which  is  less  oxi- 
dizable,  is  used.  In  a  sulphuric  acid  solution  the  titration  proceeds 
with  ease  and  delicacy,  the  color  becoming  more  and  more  light-blue 
on  the  porcelain  plate,  until  the  last  j^^  c.c.  of  the  bichromate  pro- 
duces a  decided  brownish  tint. 

The  bichromate  has  also  the  advantage  of  being  a  cleaner  liquid, 
not  liable  to  stain,  and  of  being  easier  to  keep  than  the  permanganate. 
It  is  possible,  it  is  true,  to  preserve  the  permanganate  standard  solu- 
tion, so  that  it  does  not  change,  for  a  long  time,  but  this  requires 
greater  precautions  than  the  bichromate.  Another  great  advan- 
tage in  using  the  bichromate  is  that  one  may  use  a  small  spout 
with  pinch-cock  and  rubber-tubing  on  the  burette,  instead  of  the 
glass  stopcock  which  is  necessary  for  the  permanganate.  Finally, 
where  numerous  manganese  determinations  have  to  be  made,  the 
economy  of  using  ferrous-sulphate  and  bichromate  instead  of  oxalic 
acid  and  permanganate  will  soon  be  apparent. 

Bichromate  titrations  are  rapidly  replacing  permanganate  titra- 
tions on  the  European  continent.  In  England  they  have  long  been 
held  in  preference.  I  may  also  mention  that  of  all  chemists  that  I 
have  met  in  Europe,  the  "  bichromate  men"  have  been  experts  on 
the  permanganate  as  well,  while  the  "  permanganate  men  "  have 
known  but  little  about  the  bichromate  method. 

In  conclusion,  I  add  a  table  showing  comparative  results  obtained 
bv  different  methods  : 
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Note. — October  27th,  1883.  Since  the  above  was  written  I  have 
made  further  researches  on  the  method  above  given,  and  find  that 
the  nitric  acid  used  for  washing  the  MnO^  precipitate  must  be  per- 
fectly free  from  nitrous  acid  (N2O3),  as  otherwise  the  MuOj  will  be 
converted  to  a  manganous  salt. 

When  precipitating  the  Mn  in  spiegel  and  ferroraanganese  (in  the 
latter  case  particularly),  it  is  well  to  add  an  excess  of  pure  ferric 
nitrate,  and  to  boil  with  HNO3  and  KCIO3  repeatedly.  The  pres- 
ence of  a  ferric  nitrate  aids  the  complete  separation  of  Mn  as  MnOg. 

We  have  made  an  immense  number  of  determinations  by  the 
method  in  question  at  Midvale,  and  it  works  well.  But  the  above 
points  ought  to  be  in  the  paper,  to  make  the  description  more  com- 
plete. 
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THE  VOLUMETEIC  DETERJdlXATION  OF  MANGANESE. 

BY  J.    B,    MACKINTOSH,    E.M.,   NEW  YORK   CITY. 

In  a  recent  jmper  read  before  tlie  Institute  on  this  subject,  Mr. 
G.  C.  Stone  advances  the  theory  that  the  precipitate  obtained  in  Wil- 
liams's volumetric  process,*  by  treating  the  boiling  nitric  acid  solution 
of  a  manganese  salt  with  potassic  chlorate,  is  not  pure  INInO^,  buj 
approximates  more  closely  to  the  composition  10MnO2-f-MnO. 

As  the  value  of  the  process  and  the  accuracy  of  our  results  would 
depend  on  whether  this  was  the  fact  or  not,  it  has  seemed  to  me,  and 
to  my  associates,  Messrs.  Beebe  and  Colby,  that  it  would  be  of  im- 
portance to  ascertain  the  comjjosition  of  this  precipitate,  and  to  that 
end  the  following  series  of  experiments  has  been  undertaken. 

These  experiments  have  all  been  based  on  the  considerations : 

1.  That  potassic  permanganate  has  an  oxidizing  power  equivalent 
to  five  atoms  of  oxygen  for  every  two  of  manganese  : 

K2MnP8  =  K20.2MnO.O,. 

2.  That  the  same  amount  of  manganese  in  the  state  of  binoxide 
has  an  oxidizing  power  equivalent  to  two  atoms  of  oxygen  : 

2Mn02  =  2:\rn0.02. 

If,  then,  we  take  a  solution  of  permanganate  of  unknown  strength, 
and  reduce  it  to  binoxide,  the  oxidizing  power  of  the  binoxide  formed 
will  be  equal  to  that  of  tw-o-fifths  the  quantity  of  the  permanganate 
solution  originally  taken.  While,  if  the  precipitate  obtained  should 
not  be  binoxide,  but  an  indefinite  or  definite  mixture  of  bin-  and 
mon-  oxides,  then,  from  its  equivalent  oxidizing  power,  Ave  can  cal- 
culate its  composition. 

The  analyses  were  conducted  in  the  following  manner.  The  amount 
of  permanganate  taken  was  decomposed  with  hydrochloric  acid,  and 
concentrated  to  expel  the  excess  of  water.  Sufficient  excess  of  nitric 
acid  was  now  added,  and  the  solution  was  boiled  until  all  the  hydro- 
chloric acid  was  destroyed.  The  manganese  was  then  precipitated 
by  potassic  chlorate;  and,  after  standing  some  time  to  cool — a  pre- 

*  Transactions,  vol.  x.,  page  100. 
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caution  which  we  consider  of  importance — the  precipitate  was  filtered 
out  through  asbestos,  washed  with  nitric  acid,  and  then  with  water, 
and  when  perfectly  clean  was  treated  vvith  a  volume  of  oxalic  acid, 
whose  equivalent  in  permanganate  was  known,  a  few  cubic  centi- 
meters of  sulphuric  acid  being  also  added.  The  excess  of  oxalic  acid 
was  then  estimated  by  permanganate,  and  the  difference  between 
this  amount  and  the  equivalent  of  the  whole  amount  of  oxalic  taken 
gave  the  oxidizing  power  of  the  precipitate. 

To  save  multiplication  of  figures  we  will  only  give  the  results 
obtained  : 


used. 

Oxidizing  power  of 
precipitate  in  terms 
of  KoMnoO,. 

Theoreti- 
cal for. 
MnOs. 

Apparent 
per  cent,  of 
theoretical. 

Corrected  per 

cent,  for 
burette  error. 

c.c 

c.c. 

c.c. 

45 

17.80 

18 

98.89 

99.37 

35 

]3.93 

14 

99.50 

100.07 

25 

9.90 

10 

99.00 

99.86 

15 

5.96 

6 

99.33 

100.67 

Average  true  per  cent.,  99.99 

The  precipitation  in  the  above  results  was  effected  by  successive 
alternate  additions  of  potassic  chlorate  and  nitric  acid,  until  no 
further  formation  of  yellow  fumes  was  observed.  Shortly  after  first 
employing  the  method,  we  noticed  that  the  reaction  was  seldom  com- 
plete when  potassic  chlorate  was  added  during  one  period  only,  and 
that  if,  after  the  apparent  completion  of  the  reaction,  as  marked  by 
the  explosive  ces.sation  of  yellow  fumes,  more  nitric  acid  was  added, 
and  then  a  fresh  portion  of  potassic  chlorate,  that  the  yellow  fumes 
would  reappear,  again  to  disappear  with  the  characteristic  puff.  On 
this  account  it  is  necessary,  in  employing  this  method,  to  add  alter- 
nate amounts  of  nitric  acid  and  potassic  chlorate,  until  no  further 
effect  is  produced  ;  and,  if  this  precaution  is  not  observed,  the  results 
will  almost  invariably  be  low. 

The  next  series  of  experiments  was  made  to  illustrate  this  point, 
and  to  determine  the  amount  of  error  which  would  be  incurred  by 
exactly  following  the  directions  given  by  Messrs.  Ford*  and  Wil- 
liams in  their  respective  papers,  namely,  by  adding  potassic  chlorate 
during  one  period  only,  and  boiling  till  the  apparent  cessation  of  the 
reaction.     The  results  obtained  were  as  follows: 

*  Transactions,  vol.  ix.,  page  397. 
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KjMnjOj       Oxidizing  power  of    Theoroti-  Apj^nront  Corrected  per 

used.  precipitate  in  terms      cnl  for  per  cent,  of  cent,  for 

ofKjMiuO,.  MnOj.  theoretical.  burette  error. 

c.c.  c.c.  c.c. 

40  15.55  16  97.20  97.82 

45  17.70  18  98.33  98.92 

60  23.37  24  97.40  98.04 

.  Showing  an  error  of  from  one  to  two  per  cent. 
The  following  ileterniinations  were  made  about  last  February,  but 
no  particular  record  of  the  details  of  the  manipulation  were  pre- 
served : 


25 

9.93 

10 

99.30 

98.34 

50 

19.73 

20 

98.65 

99.07 

It  is  evident  from  inspection  of  these  results,  that  the  first  set 
approach  very  nearly  to  the  theoi'etical  figure  for  MnOj,  the  average 
of  the  four  happening  to  be  99.99  per  cent.  This  clo.se  agreement 
with  theory  must,  however,  be  considered  as  largely  accidental,  as  the 
variation  in  the  separate  determinations  is  quite  large.  In  a  process 
of  this  kind  we  must  consider  that  the  experimental  errors  are  rela- 
tively large ;  indeed,  larger  than  in  the  actual  application  of  the 
method  to  analysis.  These  experimental  errors,  doubtless,  balance 
each  other  to  a  large  extent  by  averaging  several  results,  as  in  the 
present  instance ;  but  we  can  hardly  expect  to  get  such  close  average 
results  every  time. 

The  burette  was  calibrated  for  each  analysis  by  weighing  the 
amount  of  water  delivered  corresponding  to  the  various  volumes 
.used,  and  making  proportional  corrections. 

Xow,  if  the  composition  ofthe  precipitate  had  been  lOMnOg+MnO, 
as  claimed  by  Mr.  Stone,  the  oxidizing  power  found  should  have 
averaged  90.91  per  cent,  of  the  theoretical  figure  for  Mn02,  instead 
of  that  which  we  have  actually  found ;  so  that  the  difference  is  far 
too  great  to  admit  of  any  doubt  as  to  the  true  composition  of  the 
precipitate.  We  may  safely  conclude,  then,  that  the  precipitate  ob- 
tained in  this  process,  when  due  regard  is  paid  to  the  precautions 
which  we  have  indicated,  is  MnOj,  and  not  an  indefinite  or  definite 
mixture  of  oxides,  that  the  process  is  reasonably  accurate,  and  that 
any  estimation  based  upon  the  theory  that  the  precipntate  is  not 
MnOj,  is  of  no  value,  because  it  is  founded  on  false  premises,  and 
therefore  can  never  be  true  .save  by  accident. 
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AN  HYPOTHESIS  OF  THE  STBUCTUBE   OF  THE 
BELT  OF  THE  SOUTH  310  UN  TAIN. 


COPFEB 


BY   DR.    PERSIFOR   FRAZER,   PHILADELPHIA. 

The  rocks  which  cover  the  east  flank  of  the  South  Mountain  are 
chloritic  schists  typical  in  character.  A  specimen  of  this  rock  from 
near  the  Bechtel  shaft,  Hamilton  Ban  Township,  Adams  County, 
Pa.,  was  selected  and  analyzed  in  my  laboratory  by  Mr.  C.  Hanford 
Henderson,  with  the  following  results : 


Ignition, 2.740 

SiO,, 41.280 

A!A, 18.480 

FeA> 9-4^0 

FeO, 8.200 


CaO, 7.040 

MgO, 7.486 

K2O 2.208 

Nap, 3.523 

100.397 


As  one  penetrates  the  range  by  moving  westward,  tliese  schists  are 
replaced  either  by  epidotic  quartz  or  by  orthofelsite.  In  the  former 
case,  a  belt  of  copper-bearing  rock  is  traversed,  but  not  in  the  latter 
case.  Inasmuch  as  this  junction  of  the  chloritic  schists  on  the  south- 
east and  orthofelsite  on  the  northwest,  separated  by  the  epidotic  quartz, 
is  several  times  repeated,  we  find  two  or  three  copper  belts  arranged 
in  general  parallelism  to  the  axis  of  the  chain,  because  the  copper 
horizon  is  generally  at  this  junction.  Thus,  in  going  west  from 
Fairfield,  after  entering  the  low  spurs  on  the  South  Mountain,  one 
is  fairly  within  the  chlorite  measures. 

At  the  "  Virginia  Mills  "  a  chlorite  schist  comes  in  with  a  dip  of 
S.  15°  E.-74°.  Half  a  mile  up  Middle  Creek,  large  numbers  of 
fragments  of  chlorite  schist,  decomposed  epidotic  matter,  and  quartz 
are  encountered.  The  former  rock,  where  in  place,  dips  E.  40° 
S. -57°,  About  4000  feet  west  of  the  intersection  of  tiiis  road  with 
the  so-called  Tape- Worm  Railroad,  near  the  house  of  one  Singly,  large 
masses  of  chloritic  schist  are  found  loose  on  the  road.  A  hundred 
yards  farther  west,  near  a  triangle  in  the  road,  the  latter  is  less  in 
quantity  and  much  epidotic  quartz  appears,  after  which  a  very  large 
display  of  orthofelsite  succeeds  on  the  left  bank  of  Middle  Creek.  All 
these  last-mentioned  rocks,  however,  are  in  fragments.  Crossing 
the  stream  again  a  few  hundred  yards  farther  on,  the  chlorite  frag- 
ments at  first  preponderate,  and  then  large  numbers  of  both  rocks 
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scorn  to  be  indiscriminately  mixed.  It  is  evident,  however,  that 
in  this  eastern  part  of  the  South  Mountain,  the  succession  (towards 
tlie  west)  of  the  rocks  travei-seil  is  chlorite,  ei)iilotic  quartz,  and 
orthofelsite.  If  the  analogies  to  other  repetitions  of  this  kind, 
shortly  to  be  alluded  to,  do  not  prove  fallacious,  and  if  the  hypoth- 
esis of  the  occurrence  of  copper  be  well  founded,  we  have  passed 
here  one  of  the  cupriferous  belts. 

On  the  wagon  road,  a  couple  of  hundred  yards  to  the  eastward  of  the 
sharp  nose  of  Mnsselman's  hill,  an  orthofelsite  gave  S.  45°  E.  -08*^, 
while  at  the  nose  itself,  the  same  rock  showed  S.E.  -32°.  From 
this  point  straight  up  a  line  dividing  the  hill  into  two  halves,  one 
leaves  the  orthofelsite  almost  immediately  (although  if  the  contact 
were  normal,  this  part  of  the  hill  should  lie  wholly  in  orthofelsite), 
and  the  fragments  become  first  epidoticquartz,  and  just  before  reach- 
ing the  sliaft-house,  which  is  about  120  feet  below  the  summit  of 
the  hill,  almost  exclusively  chlorite  schists.  Following  the  road 
westwardly  across  the  notch  made  here  in  the  mountain,  and  turn- 
ing south  by  west  along  the  bend  of  the  ridge,  one  is  soon  again  in 
orthofelsite.  Farther  to  the  southwest  the  transition  to  chlorite 
schist  appears  to  occur  without  the  intermediate  band  of  epidotic 
quartz,  and  apparently  also  without  the  accompanying  copper  which 
is  usual  in  the  latter  rock. 

There  are  many  more  instances  of  this  state  of  things,  i.  e.,  the  suc- 
cession of  chlorite  and  orthofelsite  with  and  without  an  intermediate 
belt  of  epidotic  quartz,  and  the  occurrence  in  the  latter  of  native 
copper;  but  it  is  believed  by  the  writer  that,  when  the  detailed 
geology  of  this  region  comes  to  be  worked  out,  it  will  be  found  that 
this  is  repeated  very  often,  and  is,  in  fact,  the  key  to  the  structure. 
It  remains  to  offer  an  hypothesis  to  explain  it. 

It  is  well  known  that  extensive  faults  traverse  the  old  Palaeozoic 
Valley  to  the  northwest  of  the  South  Mountain,  and  a  number 
of  geologists  see,  in  the  puzzling  monoclinai  northwest  dip  of  the 
Mesozoic  measures  to  the  southeast,  a  repetition  of  the  same  class  of 
phenomena  (though  the  writer  has  doubts  as  to  this). 

But  the  great  width  of  the  South  jNIountain  chain,  along  the 
Chambersburg  turnpike,  the  abrupt  protrusion  to  the  east  of  the 
eastern  part  of  the  chain  south  of  the  Chambersburg-Gettysburg 
turnpike ;  and  of  the  western  part  of  the  chain  to  the  west,  north  of 
this  line;  and  the  contacts  of  Palteozoic  and  Eozoic  rocks  of  very  dif- 
ferent horizons  in  the  middle  portions  of  the  chain,  all  point  to  the 
existence  of  extensive  longitudinal  and  transverse  faults  in  these  meas- 
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ures.  The  chlorite  schists  overlie  here,  as  in  Canada  and  Wales,  the 
petrosilexes,  eurites,  or  orthofelsites,  both  dipping  ±  S.E.,  but  at  dif- 
ferent angles.  When  this  transition  is  made  directly,  therefore,  it 
would  seem  that  the  former  were  laid  down  immediately  on  the  lat- 
ter after  an  interval  of  time,  which  had  covered  several  regional 
movements  of  the  crust  of  the  earth.  Subsequently  to  the  formation 
of  both  series,  fissures  had  been  produced,  accompanied  with  either 
up-  or  down-throws,  of  which  the  result  was  to  bring  together  un- 
conformably  the  orthofelsites  and  the  chlorites.  It  is  attempted  to 
express  graphically  this  hypothesis  in  the  accompanying  sketch. 


N.W. 


S.E. 


The  black  line  in  the  above  sketch  represents  a  vertical  transverse 
section  of  the  South  Mountain ;  C  represents  the  chlorite  areas,  and 
O  the  orthofelsite. 

These  fissures  were  subsequently  filled  with  the  materials  now  ap- 
})arent  as  the  epidotic  quartz,  carrying  the  native  copjier.  That 
tiiese  materials  were  originally  in  the  form  in  which  we  now  observe 
them  is  not  necessary  to  this  hypothesis,  nor  is  it  probable.  There 
are  few  more  certain  indices  of  metamorphism  than  the  occurrence 
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ill  quantities  of  epidote ;  and  the  condition  of  the  copper  in  small 
grains,  disseminated  widely  through  this  whole  mass,  is  not  what 
one  would  expect  in  such  a  mode  of  deposition. 

It  is  worth  while  to  compare  this  phenomenon,  however,  with 
the  cupriferous  horizon  in  the  Michigan  peninsula,  no  matter  how 
diverse  their  ages  may  be.  In  both  cases  the  appearance  of 
the  copper  has  been  intimately  connected  with  the  production  of 
fissures,  and  the  filling  of  these  fissures  from  below,  either  with  the 
"water-molten,*'  the  fused,  or  the  dissolved  ingredients  of  the 
deeply  buried  strata.  It  may  indeed  be  asked  how  far  we  are  able 
to  distinguish  the  era  of  the  genesis  of  the  copper  in  the  two  districts, 
even  accepting  the  great  difference  in  age  betw-een  the  Arvonian- 
Huronian  measures  of  the  South  Mountain  and  the  Keweenian 
measures  of  the  Michigan  peninsula. 

XoTE. — A  convenient  method  of  illustrating  faults  was  resorted 
to  to  furnish  a  basis  for  the  above  sketch.  The  upper  and  lower 
incliucd  lines,  and  the  divisions  between  the  chlorites  and  orthofel- 
sites,  having  been  drawn  as  three  inclined  and  parallel  lines,  the 
paper  was  cut  through  the  vertical  lines  representing  the  faults. 
These  strips  were  run  through  horizontal  slits  on  another  sheet  of 
paper  just  broad  enough  to  receive  them.  To  avoid  making  these 
slits  run  into  each  other,  each  pair  was  made  higher  or  lower  on  the 
backing  sheet  than  the  pair  alongside  of  it.  By  drawing  these  slips 
up  or  down  through  the  backing  paper,  the  various  kinds  of  uncon- 
formable contact  across  the  faults  can  be  repeated. 


THE  COPPER  DEPOSITS  OF  TUE  SOUTH  MOUNTAIN 

BY  C.   HANFORD  HENDERSON,  PHILADELPHIA. 

The  belt  of  copper-bearing  rocks  of  the  South  Mountain  has  at- 
tracted attention  principally  in  the  townships  of  Hamilton  Ban  and 
Liberty  in  Adams  Count}',  Pennsylvania,  and  in  the  southeastern 
}K)rtion  of  Franklin  County.  As  the  developments,  thus  far,  have 
l)een  almost  exclusively  limited  to  that  area,  the  examination  here 
described  extended  only  within  those  boundaries. 

The  region,  being  one  of  considerable  interest  geologically,  has 
been  the  subject  of  careful  study  and  description,  both   on  the  part 
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of  the  State  geologists  and  also  of  visiting  scientists.  What  has 
been  so  well  said  by  them  it  is  not  ray  purpose  to  repeat,  except  in 
a  general  way ;  but  their  examinations  having  been,  for  the  most 
part,  made  some  years  ago,  a  brief  account  of  the  present  state  of  the 
exploitations  may  not  be  uninteresting  to  those  acquainted  with  the 
locality. 

The  horizon  of  these  cupriferous  rocks,  as  is  well  known,  has 
been  determined  to  be  that  of  the  Huronian,  and  the  disputed  ques- 
tion of  their  identity  with  the  copper-bearing  horizon  of  the  Lake. 
Superior  region  has  been  decided  negatively.  Since  the  Huronian 
measures  are  separated  from  the  Keweenian  of  Michigan  by  many 
thousand  feet  of  accumulated  sediments,  the  study  of  the  Pennsyl- 
vania field  must  be  conducted  independently,  and  all  reasoning  in 
regard  to  the  continuity  and  richness  of  the  deposits  of  copper  must 
rest  entirely  upon  observations  made  in  the  field  itself,  rather  than 
from  any  analogy  to  the  Lake  Superior  districts. 

The  accompanying  map,  reduced  from  one  made  by  Mr.  Lehman 
for  the  State  Survey,  covers  the  area  examined,  and  a  reference  to  it 
will  show  the  position  of  some  of  the  more  important  properties 
with  respect  to  each  other,  and  the  general  direction  and  location  of 
the  cupriferous  zone. 

A  ride  of  fifteen  miles  from  Waynesboro,  over  Antietam  Creek, 
through  Caledonia  Springs,  and  across  Green  Ridge,  brings  one  to 
the  farm  of  James  Bigliam.  This  formed  the  northern  limit  of  the 
present  examination.  The  adjoining  farm  of  Baker,  still  further  to 
the  north,  is  also  included  in  the  copper  belt,  and  fair  specimens  of 
native  copper  and  carbonates  are  reported  to  come  from  that  locality. 

The  property  of  Mr.  Bigham  comprises  two  hundred  and  thirty- 
six  acres,  lying  on  the  eastern  slope  of  Green  Ridge.  The  nearest 
railroad  communication  is  at  Gettysburg,  some  twelve  miles  distant. 
The  new  railroad,  now  building  from  Carlisle  to  Gettysburg,  will 
pass  within  two  miles  of  the  farm. 

At  present,  no  work  of  any  kind  has  been  done  upon  the  prop- 
erty, and  the  only  materials  available  for  examination  are  found  in 
the  occasional  outcroppings  of  the  country  rock,  and  the  fragments 
of  rock  and  copper-bearing  epidosyte  strewn  over  the  surface. 

Crossing  the  property  from  west  to  east,  the  geological  sequence, 
beginning  near  the  middle  of  the  chain,  is  as  follows:  First,  is  found 
the  orthofelsite,  a  rock  known  locally  as  porphyry,  and  consisting 
of  a  compact  pinkish  matrix,  with  imbedded  crystals  of  decomposing 
feldspar.     In   places  its  porphyritic  character   is   hardly  noticeable, 
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and,  instead  of  being  as  before  massive  and  compact,  it  becomes  de- 
cideilly  laminated  and  shaly  in  its  strncture,  and  passes  into  the  or- 
thofeli'ite  shale.     Analysis  "  A  "  gives  the  composition  of  this  rock. 

Following  this,  is  chlorite  schist,  a  tough,  dark-green  schistose 
rock,  which  is  prominently  developed  in  the  \voods,  west  of  Bighara's 
house.  Here  its  strike  is  N.  15°  E.,  its  dip  being  54°  to  the  south- 
east. 

Next  comes  the  co]iper-bearing  rock,  wdiich  is  composed  of  epido- 
syte  (Dana's  name  for  the  mixture  of  epidote  and  quartz),  impreg- 
nated with  native  copper,  and  in  places  showing  the  green  and  blue 
colors  of  the  copper  carbonates.  On  the  Bigham  farm  this  forma- 
tion was  not  seen  in  place,  but  was  indicated  by  fragments  scattered 
over  the  hillside.  Succeeding  this  a  belt  of  orthofelsite  again  mani- 
fests itself  by  its  numerous  fragments. 

The  cop])er  belt  extends  through  the  Bigham  farm  for  a  distance 
of  from  seven-eighths  to  one  mile,  and  then  passes  southwardly  into 
the  Musselman  Hill  tract,  the  property  of  the  Harrisburg  Copper 
Company.  The  copper-bearing  zone  is  found  at  the  contact  of  the 
chlorite  schist  and  the  orthofelsite.  In  places  the  epidosyte  lies 
directly  between  the  two  formations,  distinctly  separating  the  chlo- 
rite from  the  orthofelsite,  while  in  other  localities  again  it  is  found 
inclosed  on  both  sides  by  the  chlorite,  though  lying  but  a  short  dis- 
tance from  the  contact  with  the  orthofelsite. 

On  the  summit  of  Musselmau  Hill  a  vertical  shaft  has  been  sunk 
to  a  depth  of  tifty-three  feet.  It  is  reported  that,  on  starting  the 
shaft,  the  ore-body  dipped  to  the  west,  but,  as  the  work  progressed, 
it  soon  regained  its  characteristic  dip — a  little  south  of  east.  In 
that  case,  the  exploitation  would  be  partially  in  productive,  and  par- 
tially in  unproductive  ground. 

The  ore,  taken  from  a  depth  of  fifty  feet,  is  a  compact,  unaltered 
epidosyte,  with  the  copper  present  entirely  in  the  metallic  state. 
Analysis  "B"  (5.83  per  cent,  of  metallic  copper)  is  of  a  mass  of  this 
rock  selected  by  the  manager  as  a  representative  piece  of  the  ores 
found  at  that  depth.  The  bottom  of  the  shaft  shows  two  apparently 
well-defined  walls  of  chlorite  separated  by  about  eight  feet  of  epi- 
dotic  rock.  The  dip  here  is  the  same  as  that  shown  by  the  outcrop- 
ping chlorite  lower  down  on  the  hillside,  that  is,  steeply  inclined  to 
the  southeast. 

Nearer  the  surface,  the  ore  contains  the  copper  partially  changed 
to  cuprite  and  to  the  blue  and  green  carbonates,  azurite  and  mala- 
chite.    Trenches,  dug  in  the  vicinity  of  the  shaft,  have  in  mo.st  cases 
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disclosed  an  ore  of  this  nature.  Analysis  "  C  "  is  of  a  piece  of  ore  se- 
lected from  the  dump-heap  on  Musselman  Hill,  not  as  a  representa- 
tive of  the  whole  pile,  but  simply  as  a  sample  of  the  carbonate 
stained  ores,  which  were  mixed  with  the  barren  chlorite;  the  result 
(16.44  per  cent,  of  metallic  copper)  was  unexpectedly  high,  and 
much  above  anything  that  could  be  expected  in  quantities.  Masses 
of  native  copper,  weighing  from  three  to  four  pounds,  are  said  to 
have  been  found  on  the  property  ;  these,  however,  are  exceptional. 

Several  different  ore-heaps  have  been  formed  on  the  ground 
around  the  shaft-house ;  the  largest  of  these,  containing  about  twelve 
tons,  was  carefully  sampled  by  taking  fragments  at  regular  inter- 
vals around  the  periphery  of  the  pile,  and  also  at  similar  inter- 
vals from  several  cross  sections.  The  resulting  sample  was,  by  suit- 
able reduction,  got  into  a  compass  convenient  for  transportation,  and 
in  the  laboratory  the  greatest  care  was  taken  that  the  few  grams 
employed  for  analysis  should  represent  as  exactly  as  possible  the 
mean  value  of  the  larger  sample.  Analysis  "  D"  (1.82  per  cent,  of 
metallic  copper)  is  the  result  thus  obtained.  While  this  represents 
the  value  of  the  average  ore  obtained  under  the  present  management, 
it  is  quite  possible  that  the  percentage  of  copper  in  the  mine  output 
could  be  increased  considerably  by  more  judicious  exploitation.  This 
possible  increase,  however,  is  demonstrable  only  by  experiment,  and 
for  the  present,  therefore,  the  question  remains  problematical. 

To  the  south  of  the  shaft,  the  hill  ends  abruptly,  and  its  steep 
sides  show  a  considerable  exposure  of  chlorite  and  weathered  epido- 
syte.  The  dip  of  the  chlorite  is  almost  identical  with  that  on  the 
Bigham  farm,  being  52°,  a  little  S.  of  E.  This  steep  outcrop  would 
have  been  an  admirable  site  for  the  location  of  a  tunnel;  its  advan- 
tages over  the  present  shaft  are  very  evident.  As  a  means  of  ex- 
ploitation, also,  the  tunnel  would  be  of  more  value,  since  it  would 
penetrate  the  deposit  at  a  much  greater  depth  and  consequently 
prove  it  more  effectually. 

At  the  time  of  my  visit,  the  force  working  on  the  shaft  consisted 
of  but  three  men  and  a  boy.  The  entrance  and  exit  to  the  mine  is 
gained  in  the  most  primitive  m:uiner.  The  hoisting  apparatus  is 
correspondingly  crude ;  a  hand  windlass  serves  to  raise  and  lower 
the  one  bucket  which  carries  both  the  ore  rained  and  the  water  accu- 
mulating at  the  bottom  of  the  shaft.  The  whole  exploitation  so  far 
has  been  conducted  with  little  system  or  regularity,  and  the  results 
do  not  fairly  rc[)resont  the  capabilities  of  the  region. 

Immediately  to  the  south  of  this  property  lies  the  Keiholtz  farm. 
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A  steep  hill  rises  to  a  height  of  four  hundred  feet  above  the  creek, 
and  should  any  systematic  exploitation  be  projected,  this  steep  in- 
cline would  probably  form  the  best  possible  site  for  such  opera- 
tions. 

Passing  southward  over  this  farm  to  the  Rummel  and  Culj)  pro- 
perties, some  little  excavation  is  found  on  the  latter,  and  Analysis 
"E"  (5.93  per  cent,  of  metallic  copper)  is  of  ore  taken  from  that 
dump. 

The  next  prominent  locality  is  the  Bcchtel  shaft  on  the  property 
of  the  South  Mountain  Copper  Company.  This  sliaft  was  then  un- 
der lock  and  key,  as  well  as  full  of  water,  so  that  no  direct  observa- 
tions could  be  made.  It  was  reported,  however,  to  have  gone  to  a 
depth  of  one  hundred  and  twenty  feet  between  two  well-defined 
walls  of  chlorite,  inclosing  eight  feet  of  cupriferous  rock,  the  ore 
being  still  found  at  the  bottom  of  the  shaft.  The  dump  contained 
a  quanity  of  carbonate-stained  ores.  The  exposure  of  the  chlorite 
west  of  the  shaft  showed  a  dip  of  34°. 

A  second  shaft  on  the  same  property,  but  located  to  the  northeast 
of  Xo.  1,  had  evidently  not  been  worked  for  some  time.  It  had  gone 
to  a  considerable  depth,  but  in  the  absence  of  ladders  was  not  acces- 
sible for  exploration.  The  dump  heap,  however,  bore  strong  evi- 
dence to  the  fact  that  the  shaft  was  located  at  the  contact  of  the  two 
formations,  as  on  one  side  the  pile  was  exclusively  composed  of  the 
pinkish  orthofelsite,  and  on  the  other  nothing  was  visible  but  the 
green  color  of  the  chlorite.  Pieces  of  quartz  scattered  over  the 
dump  carried  small  masses  of  specular  ore,  and  indeed  through- 
out the  whole  region  the  hematite  appears  as  a  constant  accompani- 
ment of  the  copper. 

Adjoining  the  South  Mountain  Company's  property,  and  following 
the  copper  belt  soutliward,  lie  successively  the  Russell,  Woodring, 
Old  Copper  property,  Balsley,  Shingledecker,  Weagley,  Gilbert, 
Hess,  Gladhill,  Pittinger,  White,  and  Headlight  tracts.  Excepting 
the  latter,  but  little  or  no  developments  have  been  made  on  any  of 

kthem,  though  they  all  cover  formations  similar  to  those  underlying 
the  copper  properties  to  the  north. 
At  the  Headlight  property,  lying  on  the  border  of  Franklin 
County,  a  tunnel  has  been  driven  directly  under  the  turnpike.  It 
has  penetrated  the  hill  for  a  distance  of  about  one  hundred  and 
sixty  feet,  and  at  the  time  of  my  visit  was  said  to  be  progressing 
at  the  rate  of  a  foot  a  day  when  the  rock  was  not  too  tough.     At 
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the  working  into  the  main  copper  ore-body.  At  the  time  of  a  sec- 
ond visit  admittance  to  the  tunnel  was  not  permitted ;  specimens, 
however,  reported  by  the  men  to  have  come  from  the  present  head- 
ing, showed  a  very  quartzitic  ore  impregnated  with  native  copper. 
The  tunnel  has  been  driven  through  chlorite,  and  passes  at  an 
oblique  angle  through  a  secondary  copper  zone. 

This  locality  formed  the  southern  limit  of  the  present  examina- 
tion ;  the  same  belt,  however,  can  be  traced  into  Maryland,  and 
ores  of  a  similar  character  are  reported  to  come  from  the  farm  of 
Wagaman,  some  four  miles  south  of  the  Headlight  property.  The 
examination  covered  a  distance  of  about  eight  miles,  while  the  re- 
ported occurrence  of  the  zone  at  Baker's  on  the  north  and  at  Waga- 
man's  on  tlie  south  would  extend  the  known  continuance  of  the  belt 
to  some  thirteen  miles,  with  no  evidence  of  termination  at  either  limit. 

Such  then  is  the  state  of  the  exploitations  in  the  South  Mountain 
Copper  District.  For  upwards  of  seventy  years,  the  region  has 
been,  from  time  to  time,  the  scene  of  mining  operations,  but  so  far 
none  of  the  enterprises  seem  to  have  been  crowned  with  success. 

Since  the  deposit  is  a  continuous  one,  and  many  thousand  tons 
of  the  epidotic  rock  could  be  easily  mined  above  water  level,  the 
essential  difficulty  seems  to  lie  in  the  fact  that  the  ore  is  too  lean. 
Whether  the  percentage  of  copper  could  be  so  far  increased  by  judi- 
cious mining  as  to  overcome  this  difficulty  it  is  impossible  to  say; 
competent  judges,  however,  think  it  improbable. 
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CAST  lEOX  OF  UNUSUAL  STBENOTH. 

BY  EDWARD   GKIDLEY,  TVASSAIC,   N.   Y. 

Members  of  the  Institute  who  were  present  at  the  Amenia,  N.  Y., 
met?ting,  in  October,  1877,  will  remember  their  visit  to  the  hema- 
tite mines,  just  west  of  the  village  of  Amenia,  and  some  of  them  may 
perhaps  recall  the  deposit  of  carbonate  ore  south  of  the  opening 
made  for  the  hematite.  The  smelting  of  this  carbonate  during  the 
last  few  months,  has  produced  an  iron  that  seems  worthy  of  being 
brought  to  your  notice.  A  little  more  than  a  year  ago,  at  the  Was- 
saic  Furnace,  Dutchess  County,  N.  Y.,  we  made  a  few  hundred  tons 
of  iron  from  a  mixture  of  two-thirds  raw  carbonate  and  one-third 
Chateaugay  ore,  hoping  that  it  would  be  suitable  for  steel  purposes, 
but  as  the  iron  showed  phosphorus  0.189  per  cent.,  it  was  not 
offered.  This  iron  looked  well  and  seemed  quite  strong,  and  gave 
good  results  in  malleable  castings;  but  no  special  tests  of  strength 
were  made. 

About  February  1st,  of  this  year,  we  began  using  two-thirds  roasted 
carbonate,  and  one-third  Chateaugay,  and  noticing  that  the  iron  was 
stronger  than  usual,  we  had  two  samples  tested,  which  showed  tensile 
strength  of  32,014  and  34,176  pounds  per  square  inch.  After  our 
stock  of  Chateaugay  ore  was  exhausted,  we  put  on  one-third  raw 
carbonate  with  the  two-thirds  of  roasted  carbonate,  and  the  first  test 
made  of  the  iron,  showed  40,008  pounds  ])er  square  inch. 

The  three  tests  given  above  were  made  by  Mr.  A.  J.  Copp  and 
Mr.  E.  B.  Manning,  of  the  Phoenix  Furnace,  Millerton,  N.  Y.,  on 
a  machine  of  Riehle  Bros.,  Philadelphia.  Since  these  tests  were 
made,  they  have  broken  samples  made  with  all  carbonate  ore  as 
follows :  39,669,  40,816,  41,882,  42,281,  39,902,  and  40,130  pounds 
per  square  inch. 

A  test  taken  from  the  same  bed  of  iron  as  the  last-mentioned 
(40,130),  was  broken  by  Mr.  A.  Blass,  at  Irondale  Furnace,  show- 
ing 40,151  pounds  per  square  inch.  Asamj)le  broken  on  the  Richie 
Bros,  machine,  at  Stevens  Institute,  under  direction  of  Professor  R. 
H.  Thurston,  showed  40,000  pounds  per  square  inch.  Another 
sample  was  broken  by  Professor  Thurston  on  his  torsion  machine, 
and  gave  torsion  7°,  and  tensile  strength  of  44,500  pounds.     And 
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still  another  sample,  broken  by  Davenport,  Fairbairn  &  Co.,  Erie, 
Pa.,  on  tlieir  Thurston  torsion  machine,  gave  torsion  9°,  and  tensile 
strength  47,500  pounds  per  square  inch. 

These  tests  were  all  made  from  iron  cast  in  the  pig-bed,  direct 
from  the  furnace.  Some  were  made  from  the  full  pig  turned  down, 
but  most  of  them  from  samples  obtained  by  making  a  hole  in  the 
sand  at  the  end  of  the  pig,  from  10  to  20  inches  long,  and  about  1^ 
inches  in  diameter.  No  tests  have  yet  been  made  from  the  re- 
melted  iron.* 

I  add  an  analysis  of  the  roasted  ore,  made  by  Messrs.  Booth, 
Garrett  &  Blair,  February,  1883,  and  an  analysis  of  the  iron, 
made  by  Dr.  T.  M.  Drown,  May,  1883. 

Analysis  of  Roasted  Carbonate. 

Silica, 8.240 

Peroxide  of  iron, 77.202 

Alumina, 2.7G8 

Red  oxide  of  manganese, 3.005 

Lime,         .........       L650 

Magnesia, 1.167 

Phosphoric  acid, 275 

Sulphur 224 

Loss,  by  ignition,       .......       5.684 

Metallic  iron, 54.042 

Metallic  manganese, 2.165 

Phosphorus, 120 

Analysis  of  Pig  Iron. 

Graphite, 2.310  \_      ,   „  _^ 

f.      u-     A       1  "«f>  r  Total,  3.090. 

Combined  carbon, /80-'  ' 

Silicon, 1.307 

Sulphur, 086 

Phosphorus, 294 

Manganese, 1.512 

Iron, 93.700 

99.989 

*  Since  the  above  was  written  I  have  received  report  of  two  samples  broken  by 
Messrs.  Fairbanks,  on  their  large  machine,  May  31st,  18S3,  showing  39,068  and 
41,629  pounds. 

The  average  of  the  thirteen  tests  is  41,349  pounds. 
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TEE  LAXGDOy^  GAS  PRODUCES. 

BY  N.   M.  LAXGDON,   CHESTER,   N.   J. 

Ox  account  of  its  g-rcater  economy  and  cleanliness,  and  the  extent 
to  which  inferior  fuels  can  be  utilized  for  its  generation,  there  has 
been  of  late  a  rapidly  increasing  tendency  to  substitute  gaseous  for 
solid  fuel  for  metallurgical  and  other  industrial  purposes,  which  has 
led  to  various  improvements  both  in  the  process  and  apparatus  for 
its  manufacture,  notably  among  which  may  be  mentioned  the  Tessie 
Gas  Producer*  described  by  Mr.  A.  L.  Holley. 

A  considerable  experience  by  the  author  with  producers  of  various 
kinds  using  anthracite  fuel,  in  connection  with  the  Taylor  ore-roast- 
ing furnace  at  Chester,  N.  J.,  with  more  or  less  unsatisfactory  results, 
finally  led  to  the  erection  of  the  experimental  producer  described 
below,  which  combines  in  its  construction,  simplicity,  durability,  and 
accessibility  for  cleaning  and  removing  the  ash  and  manipulating 
the  fuel.  It  is  adapted  to  the  use  of  various  kinds  of  fuel,  and  is  capa- 
ble of  generating  a  steady  and  uniform  supply  of  gas  at  a  minimum 
cost.  It  has  been  in  constant  use  day  and  night  for  about  five 
months,  and  has  given  very  satisfactory  results. 

The  producer,  as  shown  in  the  accompanying  sketch,  consists  of  a 
cylindrical  furnace,  preferably  inclosed  in  an  iron  jacket  or  casing, 
having  a  bosh  or  inverted  cone-shaped  base  as  in  a  blast  furnace. 
It  is  provided  with  a  bell  and  hopper,  the  bell  being  hung  to  a 
forked  lever,  and  having  guide  fli\nges  to  prevent  it  from  swing- 
ing, and  an  opening  at  its  apex  through  which  to  insert  a  bar  for 
manipulating  the  fuel,  which  when  not  in  use  is  closed  with  a  plug 
or  stopper.  Cleaning  is  effected  through  two  small  doors  placed 
opposite  each  other  at  the  hearth  level,  which  in  order  to  facilitate 
the  operation  is  elevated  above  the  floor.  The  doors  are  remov- 
able, and  when  closed  are  by  their  own  weight  and  by  means  of 
bevelled  lugs  held  tightly  against  their  frames,  forming  a  practically 
tight  joint.  A  blast  of  commingled  steam  and  air  is  injected  into 
the  fuel  through  a  series  of  tuyeres  underneath  the  bosh  communi- 
cating with  steam  jet  injectors.     A  small  flue  also  connects  the  door 

*  Transactions,  vol.  viii.,  p.  27. 
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passages  with  the  injectors,  and  a  portion  of  the  blast  entering  in 
this  way  prevents  the  doors  from  becoming  overheated  and  warped. 
The  air  in  combustion  with  the  fuel  (anthracite)  forms  carbonic 
oxide  and  nitrogen.  The  steam  is  decomposed  and  forms  carbonic 
oxide  and  hydrogen  or  hydrocarbon  gases,  adding  to  the  value  of  the 
combustible  gas  not  only  by  the  amount  of  hydrogen  gases  present, 


but  also  by  the  amount  of  carbonic  oxide  which  is  formed  free  from 
the  diluting  nitrogen.  The  steam  also  prevents  the  formation  of 
hard  clinkers,  and  the  ash  from  sintering  to  the  walls  of  the  producer. 

No  analysis  of  the  gas  has  yet  been  marie,  but  comparing  it,  in 
result,  with  gas  previously  used,  containing  25  to  28  percent,  car- 
bonic oxide,  for  roasting  and  desulphurizing  ores,  a  saving  of  15  per 
cent,  in  quantity  and  15  to  20  per  cent,  in  quality  of  fuel  is  eifected. 

The  gas  passes  off  through  an  exit  flue  at  one  side  near  the  top, 
which  is  provided  with  a  damper.  In  cleaning,  the  fuel  in  the  upper 
part  of  the  producer  is  held  up  by  the  sloping  walls  of  the  bosh  while 
the  ash  below  is  removed.  After  cleaning,  the  fuel  is  settled  and 
evenly  levelled  or  distributed  with  a  bar  introduced  through  the 
opening  in  the  bell. 

Both  anthracite  and  bituminous  coal  and  coke  dust  have  been  used, 
our  usual  practice  being  |-  to  f  pea  coal  and  ^  to  J  coke  dust.  It  is 
obvious  that  charcoal  braize,  peat,  etc.,  can  be  used  advantageously. 
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THE  SHELF  DRY-KILN* 

BY   C.    A.   STETEFELDT,   NEW  YORK  CITY. 

Ix  the  dry-crushing  of  ores,  either  by  stamps,  rolls,  or  other 
machinery,  it  is  essential  that  the  material  should  be  free  from  moist- 
ure. Hence  a  contrivance  which  effects  this  with  economy,  and  is  of 
durable  and  compact  construction,  is  a  great  desideratum.  It  is 
claimed  for  thebelow-describedshelf  dry-kiln,  that  it  possesses  these 
qualifications  in  a  high  degree. 

The  construction  of  the  shelf  dry-kiln  is  based  on  the  Hasenclever 
principle.  That  is  to  say,  a  number  of  inclined  shelves  are  arranged 
zig-zag  above  each  other  in  a  vertical  shaft,  having  openings  or  slits 
wliere  they  meet,  on  which  the  ore  rests  in  a  stratum,  the  thickness 
of  which  is  governed  by  the  width  of  the  slits  and  the  inclination  of 
the  shelves.  If  a  portion  of  the  charge  is  removed  at  the  end  of  the 
bottom  shelf,  a  sliding  motion  of  the  ore  takes  place  on  all  shelves 
above,  and  the  top  shelf  is  replenished  from  a  hopper  set  over  it.  It 
will  be  seen  that  the  shaft  is  divided  by  the  shelves  into  a  number  of 
triangular  prismatic  spaces.  Through  these  the  hot  gases  from  a 
fireplace  are  made  to  circulate,  each  space  communicating  with  the 
next  one  by  a  flue  arranged  in  the  sidewall  of  the  shaft.  These  flues 
being  located  on  alternate  sides  of  the  shaft,  a  continuous  passage  is 
formed  through  the  whole  structure. 

After  thus  stating  the  principle  of  the  construction,  its  details  will 
be  easily  understood  by  reference  to  the  drawings,  Fig.  1  to  Fig.  5. 
The  drawings.  Fig.  1  to  Fig.  4,  represent  two  kilns  united  into  one 
structure.  The  cast  iron  shelves(a)  are  2  feet  4  inches  wide  and  5 
feet  long,  with  sides  and  a  back  4  inches  high,  and  are  cast  a  full  half- 
inch  thick.  How  they  rest  on  the  brackets(tZ),  and  interlock  each 
other,  is  shown  in  Fig.  5.  Three  such  shelves,  with  an  inclination 
of  38°,  are  placed  in  one  row  in  a  brick  shaft  7  feet  \  inch  wide  and  4 
feet  deep.  The  ore  hoppers(^)  rest  on  the  iron  beamsf/).  At  the  end 
of  the  bottom  shelves  are  the  discharge-doors(6),  with  shoots  project- 
ing beyond  the  front  wall.  A  swinging  apron(c)  keeps  the  ore  in 
place.  By  dropping  it  a  car  below  the  shoot  is  filled  with  dry  ore. 
A  number  of  extra-large  pieces  of  ore  may  cause  a  stoppage  in  the 
slits ;  for  such  an  emergency  the  openings(e)  are  provided,  through 

*  Covered  by  U.  S.  patent,  granted  to  C.  A.  Stetefeldt,  March  1st,  1881. 
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which  a  poker  can  be  inserted.     The  fireplace,  with  air-chaniiels(/i), 

C 
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is  located  near  the  base  of  the  kihi,  but  its  hot  gases  enter  below  the 
top  row  of  shelves,  and  move  downward,  finally  escaping  through 
the  flue(/:),  which  is  connected  with  a  chimney.  Such  an  arrange- 
ment is  made  for  very  good  reasons.  If  the  fire  entered  below  the 
bottom  row  of  shelves,  which  are  filled  with  dry  and  hot  ore,  a  care- 
less laborer  might  overheat  and  warp  them  by  too  heavy  firing.     As 


it  is,  the  greatest  heat  strikes  those  shelves  which  are  filled  with  cold 
and  moist  ore,  and  overheating  can  hardly  occur.  With  a  downward 
draught  the  temperature  of  the  kiln  is  very  uniform,  and  the  evaj)- 
orated  moisture  cannot  condense  again  by  coming  in  contact  with 
cold  and  wet  ore.    The  opening(i)  in  the  front  wall  is  closed  either  by 

VOL.  XII.— 7 
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a  brick  wall  or  a  sheet-iron  door.  The  height  of  the  kiln  from  the 
discharge  floor  to  the  top  of  the  hoppers((7)  is  21  feet,  more  or  less, 
depending  somewhat  on  the  height  of  the  car  to  be  used  for  trans- 
porting the  dry  ore  to  the  crushing  machinery.  The  brickwork 
is  heavily  anchored  with  beams,  rails,  bolts,  and  buck-straps,  which 
are  not  shown  in  the  drawings. 

In  constructing  the  kiln  none  of  the  shelves  are  put  in  position 
until  the  shaft  is  finished  to  the  level  of  the  beams(/),  and  the  brick- 
work is  fully  anchored.  In  order  to  avoid  difficulties  in  placing  the 
shelves,  it  is  best  first  to  fit  them,  set  after  set,  into  an  exact  wooden 
model  of  the  shaft  (2  feet  4  inches  wide),  which  is  put  up  on  the 
fireman's  floor,  not  in  a  vertical,  but  in  a  horizontal  position. 

Since  a  good  draught  is  essential  for  drying  the  ore  quickly,  the 
chimney  should  rise  not  less  than  30  feet  above  the  top  of  the  kiln. 
For  one  double  kiln  a  draught  ai'ea  of  3  square  feet  is  required. 

In  case  the  kiln  is  used  for  drying  salt  some  remarks  about  its 
operation  may  not  be  out  of  place.     The  wet  salt,  on  the  top  row  of 


Fig.  5. 


shelves,  first  bakes  into  a  solid  cake.  By  increasing  the  fire  decrepi- 
tation of  the  salt-crystals  commences,  and  the  whole  mass  is  shaken 
loose,  with  the  exception  of  a  crust  on  the  top.  This  is  broken  up  by 
means  of  a  light  poker  with  chisel  end.  If  the  fire  is  kept  right  no 
rebaking  of  the  salt  takes  place  on  the  second  row  of  shelves,  but 
violent  decrepitation  continues  here  and  lower  down.  The  constant 
impact  of  the  decrepitating  salt  crystals  has,  in  the  long  run,  a  de- 
structive effect  on  the  walls  of  the  kiln  if  they  arc  built  of  ordi- 
nary soft  brick.  Hence  it  is  necessary  to  line  the  salt  kiln  with  very 
hard-burnt  common  brick,  or  with  firebrick.  The  drying  of  the 
salt  is  very  perfect.  Two  double  kilns  for  ore  and  one  single  kiln 
for  salt  have  been  in  operation  at  the  Lexington  Mill,  Butte  City, 
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Montana  Tcrritoiy,  since  September  1st,  1882.  Mr.  A.  Warten- 
weiler,  a  member  ot'tlie  Institute,  gives  the  following  statistics  as  to 
the  capacity,  ami  consumption  of  fuel  and  labor,  of  this  plant.  The 
two  double  kilns  put  through  54  tons  of  ore,  with  about  4  per  cent. 
of  moisture,  and  consume  2  cords  of  wood  in  twenty-four  hours. 
In  calculating  the  consun)ption  of  wood  for  se%'eral  months  it  is 
found  that  0.039  cord  of  wood  is  used  for  drying  1  ton  of  ore.  One 
single  kiln  puts  through  8  tons  of  salt  (dry  weight),  with  about  6  per 
cent,  of  moisture,  and  consumes  1  cord  of  wood  in  twenty-four  hours. 
lu  calculating  the  consumption  of  wood  as  above,  it  is  found  that  0.11 
cord  of  wood  is  used  for  drying  1  ton  of  salt.  The  capacity  of  the 
salt  kiln  is  somewhat  overtaxed,  and  a  heavy  fire  has  to  be  kept. 
In  consequence,  the  upper  shelves,  next  to  the  fire,  warp  after  some 
time. 

One  man  in  each  shift  attends  to  the  fireplaces  and  the  salt  kiln, 
and  one  man  in  each  shift  discharges  thedry  ore-and  salt,  and  trans- 
ports it  to  the  self-feeders  of  the  batteries.  All  shifts  in  the  rail)  are 
eight-hour  shifts. 

The  weight  of  the  iron  plant  for  one  double  kiln,  consisting  of 
castings,  wrought-iron  work,  beams,  rails,  buck-straps,  and  bolts,  is 
about  25,000  pounds.  The  quantity  of  brick  required  is  30,000. 
It  may  be  stated  that  everything  is  constructed  with  a  view  to 
dural)ility. 

Compared  with  the  revolving  or  cylindrical  dry-kiln,  the  following 
advantages  are  claimed  for  the  shelf  dry-kiln  : 

1st.  Greater  compactness  of  construction,  and  greater  durability. 

2d.  Greater  economy  in  fuel,  since  very  little  heat  is  lost  by  radia- 
tion, and  the  heat  is  better  utilized  by  travelling  through  a  much 
longer  space. 

3d.  No  power  is  required  in  its  operation. 

4th.  It  produces  no  dust,  hence  there  is  no  necessity  of  erecting 
dust-chambers,  and  no  loss  in  precious  metals  from  this  source. 
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BY   E.   GYBBON  SPILSBURY,   HAILE  MINE,  S.  C. 

From  time  to  time,  for  the  last  quarter  of  a  century,  considerable 
attention  has  been  called  to  the  gold  deposits  of  North  Carolina  and 
Georgia,  and  much  capital  has  been  expended  in  their  development; 
but  the  existence  of  large  areas  of  gold-bearing  rocks  in  the  State 
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of  South  Carolina  is  known  only  to  comparatively  few.  The  pro- 
duction of  the  South  Carolina  mines,  being  usually  disposed  of  at 
the  United  States  branch  mint  in  Charlotte,  has  been  generally 
credited  to  the  North  Carolina  or  Georgia  mines.  The  mines  of 
Lancaster  and  Chesterfield  counties,  South  Carolina,  have  for  years 
been  as  large  producers  as  any  in  the  neighboring  States,  and  many 
of  them  have  mint  records  of  yields  ranging  in  the  millions.  Before 
the  war,  most  of  these  deposits  were  worked  in  a  more  or  less  desul- 
tory manner,  down  to  about  the  water-level,  and  then  stopped;  and 
it  is  only  within  the  last  few  years  that  operations  have  recommenced 
in  any  of  them.  At  the  present  time,  even,  there  are  only  four 
mines  of  any  magnitude  operated  in  the  State.  These  are,  the  Haile 
Gold  Mine  and  the  Funderburk  Mine,  in  Lancaster  County ;  the 
Brewer  Mine,  in  Chesterfield  County  ;  and  the  West  Mine,  in  Union 
County. 

I  am  aware  that-  the  general  impression  is  not  favorable  to  gold 
mining  in  the  South,  owing,  doubtless,  to  the  almost  general  failure 
of  the  many  companies  which  have  started  work  in  this  section. 
Still,  to  those  who  have  studied  the  geology  of  the  country  and  are 
acquainted  with  the  auriferous  deposits,  it  will  not  sound  like  exag- 
geration w^hen  I  say  that  there  is  more  money  to  be  made  to-day  in 
gold  mining  in  the  Carolinas  and  Georgia,  with  a  moderate  outlay 
of  capital,  than  in  any  equal  area  in  California.  The  question  very 
naturally  arises  then  :  Why,  if  this  is  the  case,  are  there  not  more 
successes  and  fewer  failures?  The  answer  to  this  seems  to  me  very 
plain.  Under  the  old  slave  regime,  gold-washing  and  mining  were 
generally  carried  on  in  a  very  desultory  manner  and  on  a  small  scale, 
each  landowner  just  working  on  his  own  farm,  using  his  overseer  to 
manage  his  negroes  in  the  mines  as  well  as  on  the  farm.  Thus,  both 
the  overseers  and  negroes  gradually  obtained  more  or  less  knowledge 
of  mining  and  milling  such  as  they  had  seen  on  their  neighbors' 
plantations,  and  which  was  of  the  most  rudimentary  character. 
After  the  war,  when  the  attention  of  outside  capital  became  attracted 
to  these  mines,  these  people  became  naturally  the  miners  and  fore- 
men of  the  district.  Their  shiftless  and  irregular  manner  of  work- 
ing, which  yielded  profit  enough  to  satisfy  small  individual  owners, 
proved  insufficient  to  grapple  with  the  real  difficulties  of  regular 
mining  and  milling,  and  henoe  arose  the  impression  that  the  Southern 
ores  were  hard  to  mine,  and  harder  yet  to  reduce. 

This  view  was  strengthened  by  the  patent-process  men,  who  came 
in  swarms,  each  to  be  the  deliverer  from  some  terrible  difficulty  which 
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the  cxtmction  of  tlie  gold  from  these  ores  presented.  The  process, 
when  completed,  would  not  always  Mork  right,  and  hence  the  inevi- 
table collapse  and  general  engendering  of  distrust  in  the  value  of  the 
properties. 

As  a  tact,  however,  the  average  ores  of  the  South  present  fewer 
difficulties  of  treatment  than  do  those  of  the  West,  to  any  one 
who  is  at  all  acquainted  with  the  requirements  of  the  case.  For 
instance,  what  would  be  thought  in  Colorado  of  a  mining  engineer 
who  wouhl  put  up  a  stamp-mill  and  amalgamation-works  to  treat 
cupriferous  pyrites  carrying  gold?  Yet  I  know  of  several  cases 
where  this  has  been  tried  in  the  South. 

Another  cause  of  failure  has  been  the  general  exaggeration  of  the 
values  of  the  ores.  As  a  rule,  the  surface  ores  in  this  section  are 
verv  rich,  owing  to  a  gradual  concentration  of  the  gold  as  the  matrix 
is  dcc<")mposed  by  atmospheric  influences :  wiiercas  the  general  de- 
posits are  of  comparatively  low-grade  ores  when  once  water-level 
has  been  attained.  Of  course,  there  are  exceptions;  but  this  I  find 
to  be  the  general  rule. 

As  the  Haile  mine  is  essentially  a  low-grade  mine,  and  is  still  one 
of  the  largest  bnllion-j)roducers,  if  not  the  largest,  of  the  South,  a 
short  description  of  the  mine  and  system  of  treatment  of  the  ores 
may  not  be  out  of  place. 

The  mine  property,  consisting  of  a  tract  of  some  1900  ac^es,  is 
situated  in  the  southeastern  corner  of  Lancaster  County,  South 
Carolina,  about  one  and  a  half  miles  from  the  Kershaw  line.  The 
formation  of  the  country-rock  is  talcose  slate,  having  a  general  trend 
of  north  18  degrees  east.  These  talcose  schists  are  tilted  up  on  end, 
being  in  places  nearly  vertical,  and  nowhere  having  a  dip  of  over 
20  degrees  to  the  northwest.  They  are  throughout  very  highly  im- 
pregnated with  fine  crystals  of  iron  and  arsenical  sulphides.  The 
beds  of  auriferous  rock  seem  to  follow  in  general  direction  the  trend 
of  the  country-rock.  There  are  at  least  two  distinct  mineral  belts 
running  in  a  parallel  direction  through  the  property.  A  series  of 
t^p  dikes  cut  through  the  slates  almost  at  right  angles;  and 
although  there  appears  to  be  no  lateral  dislocation  caused  by  these 
dikes,  still  they  probably  bear  some  intimate  relation  to  the  miner- 
alizing of  the  belts  they  cross.  The  main  or  Haile  deposit  has  been 
traced  over  a  distance  of  three  miles,  and  has  been  worked  on  for 
many  years,  down  to  a  depth  of  about  60  feet.  Its  general  widtii 
may  be  taken  at  65  feet.'  The  average  value  down  to  the  bottom  of 
the  present  workings,  75  feet  from  the  surface,  is  about  $11  per  ton, 
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although  bunches  of  high-grade  ores  are  sometimes  found.  The  ore 
is  undoubtedly  an  altered  slate,  and  to  an  inexperienced  eye  differs 
very  little  from  the  surrounding  country-rock.  In  reality,  however, 
in  composition  it  is  nearer  a  quartzite  than  a  taleose  slate,  the  mag- 
nesia being  replaced  by  silica,  and  contains  in  places,  near  the  centre 
of  the  beds,  over  80  per  cent,  of  silica.  From  this,  it  gradually 
diminishes  in  hardness  toward  the  walls,  the  foliations  become 
thinner  and  more  marked,  interspersed  with  thin  seams  of  pure 
quartz,  until  gradually  soft  taleose  slate  is  reached.  There  is  no 
actual  line  of  demarcation  visible,  except  in  a  very  few  places  near 
the  surface.  The  amount  of  gold  also  diminishes  very  gradually, 
and  indeed  none  of  the  surrounding  slates,  within  a  distance  of  50 
feet  on  each  side  of  the  deposit,  is  without  more  or  less  show  of  gold. 
From  the  size  of  the  deposit,  mining  is  of  course  very  cheap,  and 
the  introduction  of  power-drills  has  brought  the  cost  of  extraction 
down  to  80  cents  per  ton. 

Across  the  valley  to  the  north  of  this  Haile  deposit,  is  another 
parallel  one  of  almost  equal  magnitude,  known  as  the  Blauvelt 
vein,  the  characteristics  of  which  are  very  similar.  These  deposits 
have  been  worked  from  time  to  time  in  an  unmethodical  way  for  the 
last  fifty  years,  showing,  according  to  the  mint  returns,  a  yield  of 
over  one  and  a  quarter  million  dollars.  During  the  fall  of  1879, 
the  property  was  bought  by  the  present  company,  and  the  work  has 
been  pushed  steadily  ever  since. 

The  ore  is  hoisted  from  the  mine  up  a  slope,  the  same  cars  taking 
it  down  on  an  elevated  tramway  to  the  mill.  The  mill  is  an  ordi- 
nary twenty-stamp,  California  type,  the  weight  of  the  stamps  being 
750  pounds,  and  the  average  number  of  drops  80  per  minute.  The 
fall  of  the  stamps  is  7  inches  average.  The  screens  used  are  forty- 
mesh.  The  amount  of  ore  put  through  daily  is  from  35  to  37  tons. 
The  average  value  of  the  ore  is  from  $11  to  $12  per  ton.  Of  this 
amount,  from  $3.50  to  $4  is  free  gold,  the  remainder  being  combined 
and  more  or  less  inclosed  in  the  sulphides.  The  mortars  are  provided 
with  inside  plates,  which  are  taken  out  and  cleaned  every  day,  yield* 
ing  from  $75  to  $80  per  day.  Each  battery  is  also  provided  with 
10  feet  of  copper  plates  outside,  the  average  catch  of  which  is  about 
two-thirds  more  than  the  inside  plates.  At  the  bottom  of  the  plate- 
tables,  I  have  put  in  a  scries  of  small  spitzkasten,  with  an  upward 
current  of  water,  which  I  find  very  effective  in  catching  whatever 
quicksilver  is  lost  from  the  plates.  All  the  tailings  are  then  run 
over  concentrators,  whereby  the  sulphurets  are  saved,  the  average 
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tailings,  which  finally  leave  the  mill,  showing  less  than  30  cents  of 
gold  per  ton.  Our  entire  cost  of  milling,  including  labor,  cord- 
wo<xl,  wear  and  tear  of  machinery,  and  labor  of  concentration,  is 
51  cents  per  ton,  to  \\Hiich  should  be  adilcd  2  pounds  of  shoes  and 
dies  to  the  ton  of  ore,  say  9  cents,  making  in  all  a  total  cost  of  60 
cents  per  ton. 

The  next  process  is  the  roasting  of  the  concentrated  sulphides, 
which,  at  the  Haile  Mine,  do  not  contain  the  faintest  trace  of  copper. 
To  effect  this  thoroughly,  was  supposed  to  be  a  matter  presenting 
great  difficulties,  and  a  special  furnace  was  designed  to  overcome 
tiieni.  This  furnace  consists  of  a  large  coil  450  feet  long,  of  5-inch 
wrought-iron  pipe,  built  in  a  suitable  furnace,  and  heated  to  a  low 
ret!  heat.  The  finely-divided  ore  is  blown  through  this  pipe  with  a 
large  e^:cess  of  air  into  suitable  receiving-chambers.  Some  of  the 
mechanical  details  of  this  furnace  are  not  yet  perfected;  but  the 
roast  made  by  it  when  working  right  is  most  complete,  scarcely  the 
faintest  trace  of  sulphur  being  left  in  the  ore,  and  it  further  has  the 
advantage  that,  through  the  constant  attrition  of  the  particles  of  ore 
among  themselves  in  their  passage  through  the  pipes,  the  gold  is 
entirely  freed  from  all  scale,  and  left  perfectly  bright  and  ready  for 
amalgamation.  Like  all  mechanical  roasters,  however,  this  furnace 
cannot  be  relied  on  for  perfectly  uniform  results;  and  until  this 
and  other  mechanical  difficulties  have  been  obviated,  I  have  fallen 
back  on  the  old-fashioned,  but  always  reliable,  "fortschaufelungs  " 
furnace.  Here  in  the  South,  where  labor  is  obtainable  at  90  cents 
per  day,  where  wood  costs  us  less  than  $1  per  cord  delivered  at  the 
furnace,  the  advantages  to  be  gained  by  automatic  rabbling,  in  what- 
ever way  attained,  are  so  slight  that  they  are  much  more  than  coun- 
terbalanced by  the  perfect  control  one  has  all  the  time  over  the  charge 
roasted  in  the  reverberatory  furnace.  The  advantages  of  the  latter, 
in  the  matter  of  first  cost,  are  of  course  undeniable.  Our  double- 
hearth  furnaces,  40  feet  long  by  5  feet  wide,  do  not  cost  us  over  $800 
all  complete,  and  have  a  capacity  of  from  6  to  10  tons  per  day  of 
twenty-four  hours.  Taking  an  average  of  8  tons  per  day,  the  cost 
of  roasting  does  not  exceed  $1.10  per  ton. 

The  roasted  ores,  after  cooling,  then  go  to  our  amalgamation- 
works,  which,  from  their  economy  and  success,  deserve  a  special 
notice.  It  is,  I  believe,  a  well-established  fact  that  the  old  Freiberg 
barrel -process  of  amalgamation  has  always  yielded  as  good,  if  not 
better,  results  than  any  other  process,  the  great  objection  to  it  being 
the  great  length  of  time  required  for  the  thorough  amalgamation  of 


104  GOLD    MIXING    IX   SOUTH    CAEOLIXA. 

the  pulp,  owing  to  the  difficulty  of  causing  each  particle  of  the  gold 
to  come  in  contact  with  the  metallic  mereuiy,  and  the  consequent 
excessive  flouring  of  the  quicksilver. 

In  order  to  obviate  this,  and  cause  a  more  thorough  dissemination 
of  the  mercury  through  the  charge,  Mr.  Designolle,  a  well-known 
French  mining  engineer,  proposed  using  a  solution  of  the  bichloride 
instead  of  metallic  mercury,  at  the  same  time  placing  in  the  barrel 
enough  metallic  iron  to  thoroughly  effect  the  decomposition  of  the 
bichloride.  This  he  found  so  thoroughly  successful  that  he  designed 
and  patented  a  complete  combination  plant  for  treating  ores  by  this 
process.  At  first,  he  claimed  to  be  able  to  treat  unroasted  sulphides 
directly ;  but  as  a  general  thing,  this  claim  has  proved  a  failure.  Ou 
the  other  hand,  with  roasted  ores  it  has  proved  itself  even  more  suc- 
cessful than  was  at  first  contemplated.  The  process  is  as  follows : 
The  roasted  ore,  in  charges  of  600  pounds  each,  is  put  into  a  cast- 
iron  cylinder  or  barrel,  in  which  are  also  placed  about  1000  pounds 
of  cast-iron  balls.  The  cylinder  is  then  partially  filled  with  water, 
and  about  half  a  gallon  of  the  bichloride  of  mercury  solution  is  ad- 
ded. The  barrel  is  then  rapidly  revolved  for  five  minutes,  at  the  end 
of  which  time  another  half  gallon  of  the  solution  is  added,  and  the  cyl- 
inder again  revolved  for  fifteen  minutes.  At  the  end  of  that  time, 
every  particle  of  gold  has  been  amalgamated,  and  the  barrel  is  dis- 
charged into  a  large  settler,  in  the  concave  bottom  of  which  is  a  bed 
of  metallic  mercury.  The  pulp  is  kept  in  suspension  in  this  settler 
by  revolving  rakes,  which  keep  the  surface  of  the  mercury -bed  clean 
and  ready  to  absorb  the  particles  of  amalgam  immediately  as  they 
settle.  The  pulp  is  discharged  from  this  settler  in  a  thin  stream 
over  a  scries  of  revolving  centrifugal  copper  plates,  which  catch 
whatever  particles  of  amalgam  may  still  be  held  in  suspension  in  it. 
From  the  plate  machine,  the  pulp  discharges  into  a  second  settler 
similar  to  the  first  one,  thus  finally  catching  what  may  have  passed 
through  the  former  settler  and  the  plates.  The  simplicity  of  the 
whole  process  is  remarkable.  With  our  plant,  costing  in  all  less 
than  four  thousand  dollars,  including  building,  we  can  treat  from 
eighteen  to  twenty  tons  per  day,  with  the  labor  of  one  man  and  one 
boy.  The  whole  cost  of  treatment  at  our  mill,  including  chemicals, 
labor,  steam,  and  wear  and  tear  of  machinery,  is  38  cents  per  ton. 

Having  given  a  general  outline  of  the  manipulation  of  this  pro- 
cess, it  may  be  interesting  to  look  into  its  chemistry.  The  composi- 
tion of  the  standard  solution  used  is  as  follows  :  Mercury  bichloride, 
1;  common  salt,  2;  muriatic  acid,  1.     The  proportion  of  the  acid 
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may  be  varied  according  as  the  gold  in  tlio  charge  to  be  treated  is 
more  or  less  rusty.  These  chemicals  are  mixetl  with  any  reasonable 
amount  of  water,  with  us  the  latter  being  in  the  ratio  of  G4  gallons 
to  8  pounds  of  bichloride,  thus  giving  us  1  ounce  of  bichloride  to 
the  i  gallon  of  mixture.  For  all  ores  containing  under  |-  of  an 
ounce  of  gold  per  ton,  1  gallon  of  the  mixture  per  charge  is  fully 
sufficient,  after  which  J  a  gallon  extra  is  added  for  each  |  ounce  of 
gold  additional.  The  chemical  reaction  which  takes  place  is  HgClg 
+  2Fe  =  2FeCl  +  Hg.  This  simple  reaction  is  due  to  the  presence 
of  the  chloride  of  sodium  in  the  mixture.  Where  this  is  not  pres- 
ent, it  is  j)robable  that  the  first  reaction  would  be  HgCla  +  Fe  ^ 
HgCI  4-  FeCl,  followed  by  a  secondary  reaction  of  HgCl  +  Fe  = 
Hg  4"  FeCl.  It  was  therefore  on  the  former  reaction  tiiat  Mr. 
Designolle  based   his  invention. 

The  extreme  rapidity,  however,  with  which  the  amalgamation 
takes  place  seems  to  point  to  some  further  action  than  the  above, 
as  we  know  that  the  decomposition  of  mercury  bichloride  by  metallic 
iron  is  a  comparatively  slow  process,  and  that  the  globules  of  mer- 
cury might  revolve  for  a  considerable  time  in  the  mass,  as  in  the 
old  Freiberg  barrels,  without  coming  in  actual  contact  with  the 
particles  of  gold.  In  point  of  fact,  however,  it  is  just  this  slowness 
of  action  which  is  the  chief  element  of  success  of  the  process.  Very 
little  if  any  of  the  amalgamation,  I  believe,  takes  place  by  the  par- 
ticles of  gold  coming  in  contact  with  globules  of  free  mercury,  the 
secret  of  the  whole  success  being  that  when,  in  the  acidulated  bath, 
any  particle  of  the  gold  comes  in  contact  with  the  iron,  an  electro- 
lytic action  is  at  once  established,  and  the  deposition  of  the  mercury 
over  the  whole  surface  of  the  gold  is  instantaneous.  It  matters 
not  how  minute  the  portion  of  the  gold  exposed  to  the  contact  is, 
the  whole  of  the  surface  is  at  once  amalgamated.  Even  gold  cov- 
ered over  with  rust  scales  of  iron,  if  exposed  on  one  point  only, 
will  become  thoroughly  amalgamated  throughout,  the  scale  break- 
ing loose,  leaving  the  amalgam  free.  The  action  is  indeed  so  rapid 
that,  on  ore  containing  $43  per  ton  showing  freely  in  the  pan  be- 
fore treatment,  not  a  trace  of  unamalgamated  gold  could  be  found 
after  the  trituration  had  continued  for  ten  minutes. 

A  few  months  since,  my  attention  was  called  to  Professor  Egles- 
ton's  paper  on  the  defects  of  the  stamp-mill,*  and  the  assertion  made 
by  him  of  the  non-amalgability  of  hammered  gold  caused  me  much 
astonishment.     After  a  careful  series  of  experiments,  I  have  come 

*  Transactions,  vol.  ix.,  p.  646. 
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to  the  conclusion  that  the  conditions  of  the  gold  under  which  Pro- 
fessor Egleston  made  his  discovery  must  differ  considerably  from  the 
general  condition  of  the  gold  under  the  stamps,  as  in  no  case  could 
I  repeat  his  experiments  with  the  same  results  as  obtained  by  him. 
As  the  instantaneous  amalgamation  of  gold  by  contact  with  iron  in 
the  bichloride  solution  is  quite  a  beautiful  sight,  I  have  brought 
some  of  our  standard  solution  with  me,  with  some  small  plates  of 
hammered  gold,  and  as  you  will  see,  the  instant  the  iron  touches  the 
gold,  the  mercury  spreads  like  a  vail  over  the  entire  surface. 

Discussion. 

Dr.  Egleston  said  that  Mr.  Spilsbury's  experience  did  not  dis- 
prove his  statements  on  the  difficulty  of  amalgamating  hammered 
gold.  His  experiments  were  made  on  different  pieces  and  qualities 
of  gold  during  periods  of  many  months.  They  were  hammered  on 
a  clean  anvil,  and  were  kept  in  tubes  in  contact  with  mercury  for 
many  weeks,  and  were  exhibited  before  the  New  York  Academy  of 
Sciences  several  times. 

There  is  no  mistaking  the  fact  that  hammered  gold  will  not, 
under  ordinary  conditions,  amalgamate.  The  conditions  of  Mr. 
Spilsbury's  experiments,  however,  are  not  ordinary  conditions  and 
are  entirely  different  from  that  of  the  ordinary  stamp-mill;  for  with 
the  chloride  of  mercury,  there  is  a  galvanic  action  set  up  which 
nothing  can  resist.  There  can  be  no  doubt  that  a  part  of  the  loss 
in  gold  working,  especially  with  heavy  stamps,  is  due  to  hammering. 
Dr.  Egleston  added  that  he  had,  as  yet,  made  no  experiments  with 
the  chloride  of  mercury  on  hammered  gold,  but  proposed  to  do  so. 


THE  BLAST  FURNACE  OF  THE  CEOZER  STEEL  AND  lEON 
COMPANY  AT  BOANOKE,   VA. 

BY  J.   P.    AVITIIEROW,   PITTSBURGH,   PA. 

The  blast-furnace  plant  of  the  Crozer  Steel  and  Iron  Company 
was  built  under  contract  by  Witherow  &  Gordon,  of  Pittsburgh,  Pa. 
The  furnace  is  70  feet  high  by  16  feet  bosh,  tunnel-head  12  feet  8 
inches,  and  hearth  9  feet  in  diameter.  The  columns  are  20  feet  high 
above  furnace  level,  below  wiiich  they  extend  2  feet.  The  shell  is 
23  feet  diameter  at  bottom  and  19  feet  at  top.  Tiie  ])late  iron  is 
§  inch  at  bottom,  and  tapers  to  |  inch,  the  top  ring  being  -^^^<  inch. 
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The  furnace  is  provided  witli  a  double  bell,  which  is  8  feet  4J  inches 
external  diameter,  and  4  foot  4  inches  internal  diameter,  operated 
by  a  32  X  63-inoh  air  lilt,  and  provided  with  safety-catch  rods.  The 
down-comer,  which  is  surrounded  with  a  spiral  iron  stairway,  is  5 
feet  G  inches  external  diameter  and  4  foot  8  inches  in  the  clear,  at 
the  bottom  of  which  is  placed  a  dust-catcher.  The  tuyeres,  seven 
in  number,  and  7  inches  diameter,  are  placed  5  feet  6  inches  above 
the  liearth  level,  above  which  there  are  four  circles  of  bosh-coolinf^ 
plates,  each  plate  being  traversed  with  a  l]-inch  gas-pipe  coil.  The 
furnace  is  operated  with  three  of  the  latest  Whitwell  fire-brick  hot- 
blast  stoves,  18  feet  in  diameter  by  70  feet  high,  and  each  having 
over  24,000  square  feet  of  heating  surface.  (One  square  foot  of  the 
Whitwell  surface  is  equal  to  from  2  to  3  square  feet  of  any  other 
type  of  fire-brick  stoves  for  calorific  duty.) 

The  products  of  combustion  from  these  stoves  are  taken  off  by 
underground  flues  to  an  iron  chimney,  160  feet  high  by  8  feet  in  the 
clear.  This  chimney  also  gives  draught  to  a  plant  of  ten  steel 
boilers,  divided  into  live  distinct  batteries.  Each  boiler  is  34  feet 
long,  46  inches  in  diameter,  and  contains  two  16-inch  flues.  Eight, 
of  these  boilers,  or  four  batteries,  are  expected  to  furnish  an  ample 
su|)p!y  of  steam  for  the  whole  furnace  plant,  leaving  a  battery  of 
two  boilers  idle  for  repairs  or  cleaning.  In  the  accompanying  draw- 
ings of  this  plant  it  will  be  observed  that  an  arched  flue  traverses  the 
foundations,  so  as  to  communicate  with  the  chimney  for  additional 
batteries  of  boilers,  should  a  second  furnace  be  added  to  the  plant. 

The  engine-house  is  31  x  40  feet  in  the  clear,  and  contains  two 
of  the  newest  style  of  Weimer  blowing  engines;  diameter  of  steam- 
cylinder,  42  inches;  blowing  cylinder,  84  inches;  and  stroke,  4  feet. 
This  type  of  blowing  engine  is  among  the  foremost  in  the  United 
States  for  strength,  efficiency,  and  durability,  each  engine  having  a 
maximum  capacity  of  pumping  12,000  cubic  feet  of  air  per  minute 
of  piston  displacement.  The  pumps  are  of  the  Cameron  type;  two 
for  water  supply,  and  two  for  filling  boilers. 

The  engine-house  is  roofed  with  a  sway-bottomed  water  tank, 
resting  merely  on  the  walls  of  the  engine-house,  without  any  other 
support,  which  is  kept  filled  with  water  at  all  times  for  the  supply 
of  the  entire  plant.  It  is  6  feet  deep  in  the  centre,  and  the  surface 
of  the  water  is  42  feet  6  inches  above  the  hearth  level,  or  engine 
foundation. 

The  casting-house  is  138  x  50  feet,  outside  measurement,  and  the 
stock-house  75  x  150  feet.     Both  these  buildings  are  rpofed  with 
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corrugated  iron,  as  is  also  the  hoist-tower  and  bridge  connecting  it 
with  the  furnace.  The  hoisting  apparatus  is  of  the  Crane  Brother 
system,  of  Chicago,  and  the  superstructure  is  wrought-iron  channel 
beams. 

This  furnace  has  a  cubical  capacity  of  about  9,000  feet,  and  when 
worked  up  to  its  reasonable  output,  under  intelligent  management, 
will  have  a  producing  capacity  of  fully  100  tons  per  day,  and  can 
be  worked  up  to  1000  tons  per  week,  if  the  manager  so  determine, 
on  an  ore  containing  50  per  cent,  of  metallic  iron,  with  silica  not 
exceeding  6  to  8  per  cent.,  at  a  temperature  of  blast  ranging  from 
1400  to  1600  degrees  Fahrenheit. 

We  would  submit  the  following  formulas,  which  we  use  in  deter- 
mining the  capacity  or  output  of  a  furnace;  also,  in  determining  the 
size  of  its  boiler,  engine,  and  draught-stack. 

We  allow,  for  anthracite  furnaces,  60  square  feet  of  fire  surface  in 
boilers  to  produce  a  ton  of  iron  in  twenty-four  hours;  therefore, 
6000  feet  of  fire  surface  will  supply  steam  to  make  100  tons  of  iron 
in  twenty-four  hours.  For  coke  furnaces  we  allow  40  square  feet  of 
heating  surface  for  a  ton  of  iron  in  twenty-four  hours,  or  4000  square 
feet  for  100  tons  of  iron  in  twenty-four  hours ;  and  for  charcoal 
furnaces  we  give  30  square  feet  for  a  ton  of  iron  in  twenty-four 
hours,  or  3000  square  feet  for  100  tons  of  iron  in  twenty-four  hours. 
This  is  assuming  that  the  heat  of  the  blast  will  range  from  1300  to 
1500  degrees  Fahrenheit. 

By  the  same  method  we  have  determined  that  140  feet  of  air  per 
minute  of  piston  displacement  will  make  a  ton  of  iron  in  twenty- 
four  hours,  with  50  per  cent,  ores,  if  not  too  highly  siliceous,  at  a 
temperature  of  blast  above  given;  therefore  14,000  feet  per  minute 
will  make  100  tons  of  iron  in  twenty-four  hours.  For  charcoal 
furnaces,  on  the  same  ores  and  at  the  same  temperature,  we  calculate 
110  feet  per  minute  to  make  a  ton  of  iron,  therefore  11,000  feet  per 
minute  will  make  100  tons  of  iron  in  twenty-four  hours.  We  assume 
that  the  chimney  or  smoke-stack  must  have  a  capacity  of  carrying 
off  15  tons  of  gas  (or  products  of  combustion)  for  every  ton  of  iron 
the  furnace  is  expected  to  make. 

In  deciding  on  the  amount  of  limestone  necessary  for  a  blast  fur- 
nace (apart  from  the  analysis  of  the  cinder)  we  have  found  it  a  good 
approximate  rule  to  make  the  amount  of  lime  {I.  e.,  the  limestone 
less  the  carbonic  acid)  equal  to  the  sum  of  the  amounts  of  silica  in 
the  ores,  limestone,  and  fuel.  If  more  lime  is  used  it  is  injurious  to 
good  furnace  action.     It  also  saturates  the  escaping  gases  with  an 
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excess  of  carbonic  acid,  which  lessens  their  calorific  power.  A  fur- 
nace works  sluggishly  on  an  excess  of  lime,  and  is  apt  to  scaffold. 

Bfotciug-iu. — The  filling  was  done  by  using  some  15  cords  of 
wood,  on  which  was  put  about  15  tons  of  coke,  and  then  the  burden 
commenced  by  using  3000  pounds  of  coke,  1000  pounds  of  ore,  and 
800  pounds  of  liiuo.  This  was  continued  by  slightly  increasing  the 
ore  and  lime  until  the  furnace  was  filled.  On  INIonday  evening, 
May  '2Sth,  at  G  o'clock,  the  furnace  was  lighted  by  Miss  Margaret 
Crozer,  and  the  furnace  given  her  name.  At  1  o'clock  p.m.,  the 
following  day  (Tuesday),  the  blast  was  applied,  and  the  waste  gases 
of  the  furnace  descended  the  down-comer,  traversed  the  large  hori- 
zontal blast-tube,  flowed  under  the  boilers  and  the  Whitwell  stoves, 
without  the  least  explosion  or  even  the  faintest  puff. 

There  was  a  difference  of  opinion  with  regard  to  the  introduction  of 
fire  into  the  gas  flue  some  time  before  applying  the  blast.  I  maintain 
that  a  wood  fire  should  be  put  in  the  flue,  and  I  would  be  glad  to 
submit  this  question  to  furnace-men. 

The  operations  of  the  furnace  went  off  satisfactorily.  The  hearth, 
however,  was  too  cold  for  the  reception  of  the  ore.  It  would  have 
been  better,  I  think,  to  have  put  in  from  3  to  5  cords  of  wood,  just 
sufficient  to  thoroughly  ignite  the  coke,  then  about  30  tons  of  coke, 
and  commence  with  a  burden  of  3000  pounds  of  coke,  3000  pounds 
of  ore,  and  1200  of  lime,  continuing  this  burden  until  the  furnace 
was  filled.  As  soon  as  the  blast  went  on,  I  would  have  charged 
3000  of  coke,  and  4000  of  ore,  and  the  same  proportion  of  lime.  I 
maintain  this  is  the  proper  way  of  blowing  in  a  furnace.  The  use 
of  a  large  quantity  of  cord-wood,  with  a  small  proportion  of  fuel 
on  the  top,  and  the  burdening  of  a  small  proportion  of  ore  to  fuel, 
is  not  good  practice,  because  the  wood  rapidly  consumes,  allowing 
the  space  that  it  occuj)ied  to  be  replaced  by  coke  and  the  furnace 
burden.  Then  the  small  quantity  of  ore  is  brought  very  near  the 
tuyeres,  before  the  blast  goes  on,  and  before  the  hearth  is  thoroughly 
heated;  consequently  this  ore  has  a  tendency  to  chill  and  settle  in 
the  bottom,  if  the  furnace  is  not  fortified  by  the  Whitwell  stoves. 
Where  a  smaller  quantity  of  wood,  and  a  larger  proportion  of  coke 
is  put  on,  with  a  greater  burden,  the  hearth  is  filled  with  incandes- 
cent coke,  and  liquefaction  is  retarded  until  the  hearth  is  in  a  con- 
dition to  receive  the  iron  and  cinder.  The  regular  process  begins  on  a 
large  scale,  the  hearth  becomes  filled  with  hot  cinder,  the  process  of 
combustion  goes  on  steadily,  and  the  heat  in  the  stoves  is  gradually 
increased ;  so  that  no  matter  how  dark  the  cinder  may  be  for  the  first 
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day,  which  is  most  desirable,  the  heat  will  develop  more  rapidly 
than  the  burden  can  be  increased.  Within  three  days  the  tempera- 
ture of  the  stoves  must  be  reduced,  or  the  cold  blast  put  on,  so  as  to 
keep  down  the  heat,  to  prevent  the  iron  becoming  too  gray  or  silvery. 
A  furnace  supported  with  superheated  blast  should,  therefore,  always 
be  blown-in  on  a  reasonably  heavy  burden,  and  the  manager  should 
desire  dark  cinder  for  the  first  two  days,  and  gradually  increase  his 
ore  burden  until  he  is  satisfied  that  the  proper  proportions  are  on  the 
furnace. 

The  Whitwell  stoves  are  frequently  blamed  for  the  bad  working 
of  furnaces,  and  for  unsatisfactory  results  in  an  economical  point  of 
view,  when  the  whole  trouble  is  in  the  management.  The  old  prac- 
tice of  blowing-in  furnaces  is  still  not  unfrequently  adopted,  that  is 
to  say,  a  great  excess  of  fuel  and  everything  calculated  to  produce  a 
very  gray  cinder,  and  a  No.  1  or  No.  2  foundry  iron  at  the  start. 
This  is  not  good  practice.  An  excess  of  fuel  is  resorted  to  for  the 
purpose  of  making  the  furnace  very  hot,  and  may  be  justified  in 
cold-blast  charcoal  practice.  Where  the  heat  of  the  blast  ranges  from 
500  to  800  degrees  with  iron-pipe  stoves  (commencing  at  100  or  200 
degrees),  there  may  also  be  some  reason  for  continuing  the  old  prac- 
tice. In  modern  practice,  where  the  furnaces  are  supported  with 
superheated  blast,  the  fallacy  of  such  a  course  has  been  demonstrated, 
and  it  is  surprising  to  see  it  still  pursued.  This  course  is  often  main- 
tained long  after  the  furnace  is  in  blast,  and  as  the  heat  of  the  stoves 
augments  in  a  greater  ratio  than  the  increase  of  burden,  the  carbonic 
oxide  has  little  to  do  in  the  zone  of  combustion  or  the  region  of  the 
tuyeres,  and  as  the  gaseous  currents  ascend  in  the  furnace,  they 
establish  partial  liquefaction  and  cementation  in  the  upper  regions 
of  the  bosh,  often  continuing  this  action  up  the  inwalls,  causing 
scaffolding  and  bridging.  With  such  a  course,  especially  in  anthra- 
cite furnaces,  the  blast  is  bound  to  be  a  failure,  as  the  removal  of 
such  obstructions  is  difficult  and  rarely  effected. 

I  think  that  blast-furnace  engineers  should  establish  a  system  of 
running  the  furnace  by  the  temperature  of  the  escaping  gases.  This 
tem[)erature  indicates  the  changes  more  quickly  than  the  cinder  or 
the  iron.  Other  things  being  equal,  the  hotter  the  blast  the  cooler 
the  top,  and  viae  versa,  and  the  increase  of  temperature  at  the  tunnel- 
head  will  sooner  indicate  to  the  manager  a  derangement  in  furnace 
action  than  anything  else.  As  the  temperature  of  the  higher  zones 
increases,  it  will  show  that  there  is  either  an  inadequate  amount  of 
ore  and  lime  for  the  ascending  gaseous  currents  and  carbonic  oxide 
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to  act  upon,  or  it  will  show  that  the  furiiaoe  is  bcginniiio;  to  cement 
and  scallold,  and  prompt  measures  can  be  taken  to  remedy  the  diffi- 
culty. 

Postscript. — The  amount  of  foundry  iron  weighed  to-day  for  yes- 
terday's output  was  77  tons,  which  is  the  fifth  day  of  the  furnace's 
operations.  The  fuel  is  very  close  to  a  pound  of  iron  with  a  pound 
of  coke,  the  furnace  being  under  a  burden  of  nearly  2  pounds  of 
ore  to  1  of  coke,  and  the  ore  yielding  over  50  per  cent,  metallic  iron. 
This  indicates  that  within  a  few  days  this  furnace  may  be  making 
over  100  tons  of  iron  per  day,  on  a  fuel  consumption  not  exceeding 
a  pound  of  coke  to  a  pound  of  iron. 


POJROSITYAND  SPECIFIC  GBAVITY  OF  COKE. 

BY  FRED.  P.  DEWEY,  WASHIKGTON,  D.  C. 

Although  coke  is  the  acknowledged  metallurgical  fuel,  and  has 
been  extensively  used  in  this  country  for  more  than  thirty  years, 
yet  the  facts  on  record  in  regard  to  its  physical  properties  are  ex- 
ceedingly meagre;  and  this  is  also  true,  but  in  a  less  degree,  of  its 
chemical  composition.  An  investigation  is  being  carried  on  in  the 
National  Museum  which  is  intended  to  supply,  so  far  as  may  be, 
this  deficiency,  and  through  the  kindness  of  Professor  Baird,  Direc- 
tor of  the  Museum,  I  am  permitted  to  present  to  the  Institute  a 
summary  of  a  portion  of  the  results  already  obtained. 

So  far  as  I  am  aware,  the  credit  for  the  first  systematic  investiga- 
tion of  the  physical  properties  of  coke  belongs  to  Mr.  John  Fulton, 
Mining  Engineer  of  Cambria  Iron  Co.  The  results  of  this  investi- 
gation have  been  published  in  Report  L,  Second  Geological  Survey, 
Pennsylvania,  1875,  and  in  a  pamphlet  setting  forth  the  advantages 
of  the  Connellsville  coke,  the  latter  published  also  by  the  ^^Vir- 
ginias."* His  results  are  not  altogether  free  from  experimental 
errors,  and  the  assumption  that  "the  specific  gravities  of  coke  and 
water  are  very  nearly  alike  "f  is  scarcely  warranted.  It  has  seemed 
to  me,  therefore,  desirable  to  make  an  independent  investigation  of 
the  physical  properties  of  coke  on  a  plan  somewhat  different  from 
that  adopted  by  Mr.  Fulton.  This  is  the  investigation  now  being 
carried  on  at  the  National  Museum. 

*   VirfjinuiH  fStaiinton,  Va.),  1883,  p.  40. 

t  Second  Geol.  Survey  of  Penna.,  Ilepoit  L,  p.  130. 
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In  the  present  communication  it  is  intended  to  give  only  results 
relating  to  the  specific  gravity  and  the  amount  of  cells  or  pores  in  the 
coke.  At  some  future  time  it  is  intended  to  supplement  this  by  deter- 
minations of  the  resistance  to  crushing  and  abrasion  and  by  micro- 
scopic examination,  and  an  attempt  will  also  be  made  to  answer  the 
old,  but  still  unsolved,  question  of  why  one  coal  will  coke  and  an- 
other will  not. 

One  of  the  prime  factors  upon  which  the  superiority  of  coke  as  a 
metallurgical  fuel  rests,  as  already  pointed  out  by  Mr.  Fulton,  is  its 
porosit}',  permitting,  as  it  does,  the  very  easy  penetration  of  the 
gases  of  the  furnace  to  its  very  centre,  causing  thereby  its  very  rapid 
combustion  at  the  tuyeres,  and  consequently  maintaining  the  re- 
quired degree  and  amount  of  heat.  The  determination  of  the  po- 
rosity of  coke  possesses  therefore  a  very  decided  practical  value  aside 
from  its  scientific  interest.  But  no  estimation  of  the  practical  value 
of  a  coke  can  be  made  from  a  determination  of  porosity  by  itself, 
for,  while  the  possession  of  a  certain  amount  of  cell  space  is  very 
desirable  and  necessary,  yet  a  limit  is  set  upon  it,  and  any  increase 
beyond  that  limit  decreases  the  practical  value  of  the  coke.  This 
limit  is  reached  when  the  cell  walls  become  so  thin  that  the  coke  is 
unable  to  bear  the  burden  in  the  furnace,  and  varies,  of  course,  with 
different  cokes ;  in  some  the  porosity  is  far  too  great  to  leave  suffi- 
cient material  in  the  cell  walls  to  give  them  their  needed  strength. 

The  method  used  in  determining  the  specific  gravity,  porosity, 
etc.,  is  founded  upon  the  simple  and  elegant  method  proposed  by  Dr. 
T.  Sterry  Hunt.*  The  older  and  more  generally  followed  method 
of  using  an  accurately-cut  cube  involves  the  expenditure  of  far 
more  labor  to  secure  exactness  than  is  justified,  and  it  is  unfortunate 
that  this  method  proposed  by  Dr.  Hunt  should  not  be  more  gener- 
ally known  and  used. 

The  method,  in  brief,  is  to  take  fragments  of  any  suitable  size  or 
shape,  and,  after  weighing  them  in  air,  to  thoroughly  fill  their 
pores  with  water.  Then  two  weighings — one  in  water  and  one  in 
air — will  give  all  the  data  necessary  for  finding  the  volumes  of  the 
specimens,  aud  this  is  accomplished  with  far  more  ease  than  the  cut- 
ting of  a  cube.  These  three  weighings  give  all  the  data  necessary 
for  determining  the  following  points:  True  specific  gravity,  or  the 
actual  specific  gravity  of  the  coke;  the  apparent  specific  gravity,  or 
the  relationship  between  the  entire  volume  of  the  coke  and  an  equal 
volume  of  water;  the  percentage,   by  volume,   of  cells  in  the  coke 

*  Chemical  and  Geological  Essays,  T.  Sterry  Hunt,  p.  164. 
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and  volume  of  cells  in  a  given  weight.  In  experimenting  with  coke, 
however,  its  nature  neeessitntes  a  lew  ehanges  in  tlie  proceedings  as 
laid  down  bv  Dr.  Hunt,  and  I  will  describe  my  method  in  detail. 

Suitable  specimens  from  'JO  to  40  grams  in  weight  were  seleete<l 
to  ivpresent  the  average  physical  condition  of  the  coke.  These  were 
weighcil  as  they  were  received  ;  they  were  then  dried  at  a  tempera- 
ture of  100^  C  for  one  hour,  and  tiien  cooled  under  the  desiccator 
and  weighed,  the  loss  in  weight  representing  the  amount  of  mois- 
ture in  the  specimen  as  received.  The  next  point  was  to  fill  the 
pores  or  cells  with  water,  and  after  considerable  experimenting  the 
following  general  plan  was  adopted,  which  was  modified  in  its  de- 
tails to  suit  particular  cases. 

It  was  found  more  expedient  to  use  a  combination  of  the  two 
methods  usually  adopted  to  fill  porous  substances  with  water,  viz., 
the  use  of  the  air-pump  and  boiling.  The  specimens  were  placed  in 
water  and  allowed  to  remain  from  12  to  24  hours;  they  were  then 
placed  under  the  receiver  of  an  air-pump  and  the  air  exhausted  ;  the 
exhaustion  was  repeated  from  three  to  five  times.  The  specimens 
were  then  removed  and  jilaecd  in  boiling  water  and  boiled  for  three 
hours.  After  becoming  nearly  cold  they  were  again  placed  under 
the  receiver  of  the  air-j)ump  and  exhausted,  and  the  exhaustion  re- 
peated at  intervals  of  10  to  20  minutes,  until  no  more  bubbles  were 
seen  to  come  off;  as  a  precaution,  they  were  further  exhausted  from 
six  to  eight  times  to  insure  as  complete  as  possible  removal  of  the 
air.  Owing  to  the  nature  of  the  case,  it  is  not  possible  to  replace 
the  very  last  traces  of  air  by  water,  and,  in  order  to  determine  the 
probable  error  from  this  cause,  18  specimens  were  again  subjected  to 
a  varying  number  of  exhaustions,  amounting  in  one  case  to  20,  and 
it  was  found  that  the  average  gain  in  weight  represented  only  0.34 
per  cent,  of  the  true  volume  of  the  coke  experimented  upon,  an  error 
sufficient  to  cause  but  a  very  slight  change  in  the  specific  gravity. 

The  specimens  thoroughly  saturated  with  water,  were  weighed 
first  in  water  and  then  in  air.  The  directions  laid  down  by  Dr. 
Hunt,  and  the  plan  generally  followed  in  determinations  of  porosity, 
to  dry  the  surface  of  the  specimens  with  bibulous  j)aper  or  some 
other  absorbent  of  water,  could  not  be  followed  in  this  case,  for,  ow- 
ing to  the  large  percentage  of  pores  in  the  coke,  and  to  the  slight 
adhesion  of  water  to  their  surfaces,  it  was  found  that  on  applying 
any  absorbent  material,  the  water  would  not  only  be  removed  from 
the  surface,  but  withdrawn  from  the  pores  themselves.  It  was  there- 
fore decided  that  the  most  feasible  plan  would  be  to  remove  the 
vol..  XII. — 8 
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specimens  from  the  water  and  allow  as  much  water  as  would  to  drain 
off;  they  were  then  weighed  as  rapidly  as  possible.  By  this  pro- 
ceeding a  double  error  is  induced — first,  a  plus  error  from  the  thin 
film  of  the  water  adhering  to  the  surface  of  the  coke,  and,  secondly, 
a  minus  error  from  the  water  flowing  out  of  the  pores  opening  upon 
the  surface.  These  errors  will,  in  a  measure,  balance  each  other.  It  is 
necessary  to  take  tiiis  weight  as  rapidly  as  possible,  for  the  evapor- 
ation from  the  surface  of  the  coke  is  very  rapid  and  it  takes  but  a 
few  moments  for  a  specimen  to  lose  10  mg.  In  order  to  determine 
the  probable  error  of  weighing  these  wet  specimens,  33  specimens 
were  weighed  and  again  immersed  in  water,  and  after  standing 
12  hours  were  taken  out  and  weighed  again.  Of  these  33  specimens, 
25  gained  weight  and  8  lost,  the  average  gain  being  .14  per  cent,  of 
the  total  volume  of  the  coke,  and  the  average  loss  was  .1  per  cent.  In 
the  determination  of  the  specific  gravity  there  are  two  sources  of 
variation,  one  inherent  in  all  specific  gravity  determinations  and 
unavoidable,  and  the  other  accidental  and  in  a  measure  disappear- 
ing in  the  averages.  The  first  error  is  due  to  the  possible  presence 
of  water-tight  pores,  or  cells,  causing  a  minus  error  in  the  determi- 
nation. The  other  error  is  due  to  the  possible  presence  in  apiece  of 
coke  of  a  small  piece  of  slate  causing  a  plus  error.  The  first  or  mi- 
nus error  applies  also  to  the  porosity  determination,  but  its  effect  is 
far  less  in  that  case  than  it  is  upon  the  specific  gravity  determination, 
for  in  the  first  case  the  result  is  only  affected  by  the  actual  volume 
of  the  water-tight  cells,  while  in  the  second  case,  aside  from  this,  the 
determination  is  affected  by  the  buoyancy  imparted  to  the  specimen 
by  the  inclosed  air  or  other  gas. 

In  carrying  out  this  investigation,  153  specimens  of  coke  have 
been  examined,  representing  11  localities  producing  metallurgical 
coke,  and  one  gas-works  coke;  in  all  cases  but  one,  12  specimens 
were  selected  to  represent  the  locality;  the  exception,  Connellsville, 
is  represented  by  21  specimens.  The  results  given  are  reduced 
to  the  temperature  of  the  maximum  density  of  water  (4°  C),  and 
embrace  the  maximum  and  minimum  determinations  in  each  set, 
and  also  the  average  of  the  12  determinations  of  the  following  points : 
Moisture;  true  specific  gravity,  or  the  actual  specific  gravity  of  the 
coke;  apparent  specific  gravity,  or  the  relationship  between  the  whole 
volume  (including  the  coke  and  the  cells)  and  an  equal  volume  of 
water;  the  percentage  of  cells  by  volume,  and  the  volume  of  cells  in 
a  given  weight  of  coke  (cubic  centimeters  in  100  grams).  But  it 
must  be  borne  in  mind  that  although  the  determinations  are  given 
in  a  line  for  convenience,  yet  it  does  not   follow  in  every  case  that 
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related  results  are  obtained  from  the  same  specimens — that  is  to  say, 
while  in  some  oases  the  maximum  apparent  specific  gravity  and  the 
minimum  percentage  of  cells  given  are  the  results  from  the  same  speci- 
men, yet  it  is  not'always  so;  for,  in  following  out  the  relationship 
between  the  results,  it  is  necessary  that  all  the  determinations  of  a 
specimen  should  be  taken  into  consideration,  and  in  some  cases  the 
results  on  ditferent  specimens,  in  one  or  more  determinations,  will 
agree  within  the  probable  error  of  determination. 

Xo.  1. — A  suite  of  9  samples  of  coke  shipped  to  the  Crozer 
Furnace,  at  Roanoke,  Ya.,  from  the  Broadford  Works  of  Frick  & 
Co.,  Connellsville,  Pa.  Analyses  of  the  coal  from  which  this  coke 
was  made,  and  also  of  the  coke,  are  as  follows : 

Water, 

Vi)latile  matter,  . 

Fixed  carbon, 

Snlphiir, 

Ash,     .         .         . 

Total, 

Color  of  ash 
Coke,  per  cent.,    , 
Analyst,  McCreath. 

This  coke  was  made  in  ovens  of  the  beehive  pattern,  according  to 
the  usual  method  of  the  Connellsville  region^,  and  the  sample  taken 
bv  Mr.  J.  H.  Bramwell. 


Lump  Coal.* 

Slack  Coal.* 

Coke.t 

.       1.260 

0.950 

0.030 

.     30.107 

29.662 

0.460 

.     59.616 

55.901 

89.576 

.      0.784 

1.931 

0.821 

.      8.233 

11.556 

9.113 

.  100.000 

100.000 

100  000 

Eeddish  grey. 

Eeddish  grey. 

68.633 

69.388 

Coke. — Connellsville,  Broadford — Frick  &  Co. 


Moisture. 

True  specific    ^PP^.l^f 
gravity.          g^lavHy. 

Per  cent,  of 
cells  by 
volume. 

C.  C.  in  100 
grams. 

Maximum,      .     .     . 
Minimum,       .     .     . 
Average  (9),  .    .    . 

0.096 
0.008 
0.034 

1.79 
1.73 
1.76 

1.033 
0.819 
0.892 

54  37 
42.20 
49.37 

66.31 
40.83 
55.73 

No.  2. — A  suite  of  twelve  specimens  given  in  full  to  represent  the 
Connellsville  region,  three  specimens  each  being  taken  from  the  pro- 
duct of  the  following  works:  First,  Morrell  ovens;  second,  H.  C. 
Frick  &  Co. ;  third,  Schoonmaker  &  Co. ;  fourth,  J,  F.  Dravo.     An 

*  Second  Geological  Survey,  Pennsylvania,  Eeport  M  M,  page  22. 
t  Ibid.,  Eeport  M  M,  page  107, 
X  Ibid.,  Eeport  L,  page  03. 
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analysis  of  the  Pittsburgh  seam  of  coal  at  Connellsville,  from  which 
this  coke  was  made,  is  as  follows; 


Fixed  carbon, 
Ash,        . 
Volatile  matter, 
Sulphur, 

Total, 
Coke,  68  per  cent. 


59.62  * 

8.23 
31.36 

0.784 

99.994 


These  specimens  were  furnished  by  Mr.  John  Fulton,  and  may 
fairly  be  taken  to  represent  the  coke  of  the  Connellsville  region, 
analyses  of  which  are  given  below  : 


J.  F.  Dravo. 

J.  F.  Dravo. 

Water,    . 

.       0.040t 

O.llOf 

Volatile  matter, 

.       0.352 

0.471 

Fixed  carbon, 

.     88.906 

88.403 

87.46  t 

87.26  X 

Sulphur, 

-       0.771 

0.838 

0.69 

0.746 

Ash, 

.      9.931 

10.178 

11.32 

11.99 

Total,  . 

.  100.000 

100.000 

The  samples  were  selected  by  Mr.  John  McFadyen. 

Connellsville  Coke. 
No.  1. — Morrell  Ovens. 


Moisture. 

True  sp.  gr. 

A.  sp.  gr. 

Per  cent,  of  cells 
by  volume.  ' 

C.  C.  in  100 
grams. 

0.020 

1.65 

0.716 

56.61 

78  90 

0  017 

1.80 

1007 

44.02 

43.69 

0.065 

1.74 

0.990 

43.23 

43.66 

No.  2.- 

—H.  a  Frick  &  Co. 

Moisture. 

True  sp.  gr. 

A.  sp.  gr. 

Per  cent,  of  cells 
by  volume. 

C.  C.  in  100 
grams. 

0.011 

1.69 

1.016 

40.04 

39.05 

0.339 

1.69 

0.880 

47.88 

54.39 

0.046 

1.67 

0.873 

47.65 

54.58 

*  Analyst,  T.  T.  Morrell,  Second  Geological  Survey,  Pennsylvania,  Keport  L, 
page  120. 

f  Analyst,  McCreath,  Second  Geological  Survey,  Pennsylvania,  Report  M  M 
page  107. 

X  Analyst, ,  Second  Geological  Survey,  Pennsylvania,  Report  Ij,  page  133. 
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Xo.  3. — Schoonmakcr  ct'  Co. 


Moisture. 

True  sp.  gr. 

A.  sp.  gr. 

Per  cent,  of  cells 
by  volume. 

C.  C.  In  100 
grams. 

0.023 

1.83 

1.119 

38.76 

34.62 

0.016 

1.S2 

0.900 

50.43 

56.03 

0.023 

l.Sl 

1.054 

41.94 

39.79 

iS'o.  4. — J.  F.  Dravo. 


Moisture. 

True  sp.  gr. 

A.  sp.  gr. 

Percent,  of  cells 
by  volume. 

C.  C. in  100 
grams. 

0.012 

1.69 

0.979 

42.33 

43.23 

0.025 

1.7S 

0.837 

52.99 

63.27 

0.042 

1.73 

0.743 

57.21 

77.04 

Average. 

1 

1 

Moisture.      True  sp.  gr. 

A.  sp.  gr. 

Per  cent,  of 
cells  by 
volume. 

C.  C.  in  100 
grams. 

Maximum,      .     .     . 
Minimum,       .     .     . 

Average  (12),      .     . 

1 

0.339 
0.011 
0.053 

1.83 
1.65 
1.74 

1.119 
0.716 
0.926 

57.21 
38.76 
46.92 

78.90 
34.62 
52.35 

Xo.  3. — A  suite  of  twelve  specimens,  from  the  Eagle  Ovens, 
Kanawha,  West  Virginia.  This  coke  was  made  in  beehive  ovens, 
from  middle  measures  coal,  and  the  samples  furnished  by  Mr.  T. 
Wharton. 

Coke. — Eagle  Ovens,  West  Virginia. 


Moisture. 

True  sp.  gr. 

A.  sp.  gr. 

Per  cent,  of 
cells  by 
volume. 

C.  C.  in  lOO 
grams. 

Maximum,      .     .     . 
Minimum,       .     .     . 
Average  (12),      . 

0.074 
0.006 
0021 

1.74 

1.60 
1.68 

0.979 

0  672 
0.894 

58.14 
41.39 
46.85 

86.54 
42.66 
53.89 
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No.  4. — A  suite  of  twelve  specimens,  from  the  St.  Clair  Ovens, 
West  Virginia.  This  coke  was  made  in  ovens  of  the  beehive  pat- 
tern, from  middle  measures  coal,  and  the  samples  taken  by  Mr. 
Thomas  Wharton. 

Cohe. — St.  Clair  Ovens,  West  Virginia. 


Moisture. 

True  sp.  gr. 

A.  sp.  gr. 

Per  cent, 
of  cells  by 
volume. 

C.  C.  in  100 
grams. 

Maximum,      .     .     . 
Minimum,      .     .     . 
Average  (12),     .     . 

0.070 
0.008 
0.030 

1.77 
1.57 
1.67 

1.125 

0.723 
0.924 

53.91 
36.25 
44.81 

74.61 
32.21 
50.23 

No.  5. — A  suite  of  twelve  samples,  from  the  Quinnimont  Furnace, 
Fayette  County,  West  Virginia.  The  composition  of  the  coal  (sam- 
ples taken  from  the  different  headings)  from  which  this  coke  was 
made,  and  also  of  the  coke,  is  as  follows  : 


Coal. 

Coke. 

Water,  .... 

0.45 

77.97 

18.99 

2.03 

0.56 

0.44 

77.74 

20.06 

1.17 

0.59 

0.38 

74.90 

20.15 

3.21 

1.36 

0.36 

76.S9 

20  76 

1.35 

0.64 

92.*62  ' 

7.23  ' 
0.665 
0.050 

Fixed  carbon,     . 
Volatile  matter, 

Ash 

Sulplnir,    .     .     . 
Phospliorus,   .     . 

Total,    .     .     . 

100.00 

100.00 

100.00 

100.00 

.... 

Analyst,  Professor  Thomas  Egleston. 

This  coal  is  from  the  New  River  or  lower  measures.  This  coke 
is  made  in  ovens  of  beehive  pattern,  9  feet  6  inches,  10  feet  6  inches, 
and  11  feet  6  inches  in  diameter  and  6  feet  high,  the  charge  being 
6800  to  8500  pounds.  The  average  yield  for  a  year's  working  is 
64.75  per  cent,  of  the  coal  charged,  and  the  average  of  six  months  is 
65.25  per  cent. ;  it  is  used  in  the  Quinnimont  Furnace,  GO  X  16 
feet,  and  carries  a  burden  of  2.2  pounds  to  1  pound  of  coke.  For 
the  above  analyses  and  figures  I  am  indebted  to  Mr.  J.  F.  Lewis, 
general  manager.  The  sample  was  taken  by  Mr.  Stiles  Hotchkiss 
from  four  carloads  of  forty-eight-hour  coke. 
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Coke. — Quiunimonf,    Xac    Ixivcr   Disfricf,  FaijcUe   County,  IP.  7a. 


Moisture. 

True  sp.  gr. 

A.  sp.  gr. 

Per  cent,  of 

cells  by 
volume. 

C.  C.  in  100 
grams. 

Maximum,     .     .     .         0.076 
Minimum,      ...         0.010 
Average  (12),     .     .         0.044 

1.92 

1.77 
1.83 

0.791 
0.G39 
0.713 

66.98 
55.93 
61.12 

105.49 
70.75 
86.41 

Xo.  6. — A  suite  of  twelve  samples,  from  the  coke  ovens  of  Long- 
dale  Iron  Company,  at  Sewell,  Fayette  County,  AVest  Virginia.  This 
coke  was  made  from  lower  measures  coal.  The  composition  of  the 
coal  and  coke  is  as  follows  : 

Coal.  Coke. 

"Water, 1.03  .... 


Volatile  matter. 
Fixed  carbon,  . 
Ash, 
Sulphur,   . 


Total,     . 

Analvst,  C.  E.  Dwight  ( 
266  and  267). 


21.38 

72.32 

5.07 

0  20 


93.00 
6.73 
0  27 


.  100.00-  100.00 

American  Institute  Mining  Engineers,  vol.  viii,  pages 


This  coke  was  made  in  beehive  ovens  13  feet  X  6  feet,  the  charge 
being  12,000  pounds  and  the  yield  62  per  cent.;  the  time  of  coking 
48  and  72  hours.  This  coke  is  used  in  the  Lucy  Selina  Furnace  of 
the  T^ngdale  Iron  Company,  60  feet  X  11  feet,  carrying  a  burden 
of  2.726  pounds  to  one  pound  of  coke.*  The  sample  was  taken  by 
Mr.  J.  C.  McGuffiu. 


Cohe. — Sev:eU,  New  River  District,  Fayette  County,  W.  Va. 


1 

Moisture. 

True  sp.  gr. 

A.  sp.  gr. 

Per  cent,  of 
cells  by 
volume. 

C.  C.  in  100 

grams. 

Maximum,     •     •     •        0.033 
Minimum,      •     •     •  {      0.007 
Average  (12),     .     .         0.016 

1.74 
1.66 
1.69 

0.891 
0.750 
0.703 

55.79 
46.41 
53.19 

74.30 
52.08 
67.39 

*  Journal  United  States  Assoc.  Charcoal  Iron  Workers,  vol.  ii,  p.  371,  No.  2  of 
table. 
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No.  7. — A  suite  of  twelve  specimens,  from  Stone  Cliff,  Fayette 
County,  West  Virginia.  This  coke  is  made  from  lower  measures 
coal  in  beehive  ovens,  11  feet  6  inches  X  6  feet,  the  charge  being 
9000  for  forty-eight-hour  and  10,000  for  seventy-two-hour  coke. 
The  sample  was  taken  by  Mr.  N.  M.  Jenkin. 

Coke. — Stone  Cliff,  New  liiver  District,  Fayette  County,  W.  Va. 


Moisture. 

True  .sp.  gr. 

A.  sp.  gr. 

.Per  cent,  of 
cells  by 
volume. 

C.  C.  in  100 
graius. 

Maximum,      .     .     . 
Minimum,      .     .     . 
Average  (12),     .     . 

0.119 
0.039 
0.074 

1.79 
1.66 
1.74 

0.962 
0.740 
0.838 

57.00 
46.20 
51.79 

77.85 
50.14 
62.30 

No.  8. — A  suite  of  twelve  specimens,  from  the  Fire  Creek  Ovens, 
Fayette  County,  West  Virginia.  This  coke  was  made  in  ovens  of 
tiie  beehive  pattern,  from  lower  measures  coal.  The  composition  of 
the  coal  and  coke  is  as  follows  : 


Coal.* 

Coke.t 

Coke  J: 

Moisture, 

.       0.61 

0.216 

0.11 

Volatile  matter. 

.     22.34 

0.390 

0.35 

Fixed  carbon,  . 

.    75.02 

95.894 

92.18 

Asb,          .         .         .         . 

.       1.47 

3.500 

6.68 

Sulphur,  .         . 

.      0.61 

0.563 

0.618 

Phosphorus, 



0.0096 

0.027 

The  specimens  were  selected  by  Stiles  Hotchki.ss. 


CoJce. — Fire  Creek,  New  River  District,  Fayette  County,  W.  Va. 


Moisture. 

True  sp.  gr. 

A.  sp.  gr. 

Per  cent,  of 
cell-  by 
volume. 

C.  C.  in  100 
grams. 

Maximum,     .     .     . 
Minimum,      .     .     . 
Average  (12),     ,     . 

0.161 
0.024 
0.078 

1.88 
1.78 
1.S3 

0.897 
0.554 
0.820 

70  10 
49.99 
55.12 

126.58 
55.74 
09.05 

*  Transactions  American  Institute  Mining  Engineers,  vol.  viii,  page  267. 
f  Virginias,  1883,  page  99.     Analyst,  Dr.  Henry  Frcehling,  April  3,  1883. 
I   Virginias,  1883,  page  41.     Analyst,  J.  B.  Britten,  March  3,  1879, 
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No.  0. — A  suite  of  twelve  specimens,  from  the  works  of  the  Roano 
Iron  C'oiupaiiv,  at  KockwiHHl,  Tennessee.  Th\>  coke  was  made  from 
upper  measures  eoal  of  the  following  composition: 


Water, 

Volatile  matter, 
Fixetl  carbi)n,  . 
Ash,  . 


1.75 
2r).62 
00.11 
11. •■)2 


Total, 100.00 

Sulphur,    .        .  -      .        .        .        .1.49 
Analysts,  Dewev. 


1.39 
32.59 
60.75 

5.27 

100.00 


Duncan. 


Tills  coke  was  made  in  beehive  ovens,  11,  12  X  13  feet  diameter, 
and  6  feet  high,  the  charges  being  100  bushels.  The  coking  occu- 
pies forty-eight  hours.  It  is  used  in  the  two  furnaces  of  the  Roane 
Iron  Company,  at  Rockwood,  65  X  16  feet  and  65  X  14  feet,  and 
carries  a  burden  of  2.29  pounds  to  one  pound  of  coke.  I  am  in- 
debted to  Mr.  M.  M.  Duncan,  assistant  superintendent,  for  the  above 
figures  and  samples. 

CoJce. — Rockwood,  Tenn. 


Moisture. 

True  sp.  gr. 

A  sp.  gr. 

Per  cent,  of 
cells  by 
volume. 

C.  C. in 
100  grams. 

Maximum,     .     .     . 
Minimum,      .     .     . 

Average  (12j,     .     . 

0.436 
0.031 
0.192 

1.75 
1.G3 
1.G9 

1.075 
0.839 
0.935 

51.99 
38.72 
44.81 

61.95 
36.03 

48.55 

Xo.  10. — A  suite  of  twelve  specimens,  from  the  El  Moro  works  of 
the  Colorado  Coal  and  Iron  Company.  The  coal  from  which  this 
coke  was  made  occurs  in  the  Laramie  formation,  which  lies  at  the 
boundary  between  the  Cretaceous  and  Tertiary,  and  is  of  the  following 
composition : 

Water,  at  110°  C, 1.14 

Volatile  matter, 29.97 

Fixed  carbon, 56.32 

Ash, 12.57 

Total, 100.00 

Sample  of  a  carload. 
Ajaalyst,  WelLs. 
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This  coke  is  made  in  ovens  of  the  beehive  pattern,  11  feet  6  inches 
X  6  feet,  the  charge  being  4.2  tons,  and  the  yield  60  to  65  per  cent., 
and  time  of  coking  forty-eight  hours. 

The  amount  of  ash,  as  shown  by  about  forty  analyses  by  Mr. 
Wells,  is  18  per  cent.,  and  the  percentage  of  silica  in  the  ash  12  per 
cent. ;  the  sulphur  is  from  .48  to  .53  per  cent. 

The  coke  is  used  in  the  furnace  of  the  Colorado  Coal  and  Iron 
Company,  at  South  Pueblo,  Colorado,  65  feet  X  15  feet,  carrying  a 
burden  of  two  pounds  to  one  pound  of  coke. 


Cole. — El  3Ioro,  Colorado. 


Moisture. 

True  sp.  gr. 

A.  sp.  gr. 

Per  cent,  of 

cells  by 
volume. 

C.  C. in 
100  grams. 

Maximum,     .     .     . 
Minimum,      .     .     , 
Average  (12),     .     . 

0.225 
0.025 
0.]14 

1.85 
1.61 
1.69 

1.047 
0.766 
0.919 

54.66 
41.47 
45.75 

71.36 
41.56 
50.39 

No.  11. — A  suite  of  twelve  specimens,  from  the  Crested  Butte 
Works  of  the  Colorado  Coal  and  Iron  Coraj)any.  The  coal  from 
which  this  coke  was  made  occurs  in  the  Fox  Hill  group  of  the  Cre- 
taceous of  the  following  composition  : 

Water  at  110°  C, 0.72 

Volatile  matter, 23.44 

Fixed  carbon, 71.91 

Ash, 3.93 

Total, 100.00 

Sulphur, 0.36 

Sample  average  of  entire  face  of  seam,  7  feet  thick. 
Analyst,  Wells. 

This  coke  is  made  in  ovens  of  the  beehive  pattern,  11  feet  6  inches 
X  6  feet,  the  charge  being  about  3.75  tons,  and  the  yield  about  70 
per  cent.     The  time  of  coking  is  48  hours. 

The  amount  of  ash,  as  shown  by  six  analyses  by  Mr.  Wells,  is  8.7, 
the  percentage  of  silica  in  the  ash  being  4.6  per  cent.;  the  sulphur 
is  from  0.37  to  0.58  per  cent.  This  coke  is  used  by  lead  smelters, 
and  in  cupolas,  etc.,  in  Colorado. 
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Coke. — Crested  Butte,  Colorado. 


Moisture. 

True  sp.  gr. 

A.  sp.  gr. 

Per  cent,  of 

oi'lls  by 
volume. 

C.  C.  in 
100  grams. 

Maximum,     .     .     . 
Minimum,      .     .     . 
Average  (12\     .     . 

0.171 
0.011 
0.073 

1.62 
1.53 
1.59 

0.968 

0.S48 
0.007 

47.01 
37.39 

42.9G 

55.48 
38.63 

47.59 

The  samples  for  tliis  and  the  ]>rece(ling  determinations  were  taken 
by  Mr.  John  Cameron,  tjeneral  superintendent  of  the  coal  mines.  I 
am  much  indebted  to  the  Colorado  Coal  and  Iron  Company  for  kind- 
ness in  furnishing  samples  and  information,  and  especially  to  Mr. 
H.  L.  Wells,  chemist. 

No.  12. — A  suite  of  twelve  specimens,  from  the  Leetonia  Works 
of  the  Cherry  Valley  Iron  Company,  Columbiana  County,  Ohio. 
The  coal  from  which  this  coke  was  made — the  Lower  Kittanning 
Seam  of  Pennsylvania,  which  occupies  but  a  small  space  in  Ohio — is 
of  the  following  composition: 

Water 3.00 

Volatile  matter, 31.50 

Fixed  carbon, 62.35 

Ash,  . 3.15 

Total 100.00 

Sulphur, 1.40 

"        left  in  coke, 0.60 

"        of  coke, 0.92 

Specific  gravity, 1.274 

Sample  from  Salem  shaft,  bottom  bench. 
Analyses  from  Professor  Edward  Orton. 

The  coal  seam  is  about  30  inches  thick,  the  upper  6  inches  being 
non-coking,  and  used  in  the  furnace  in  its  raw  state.  This  coke 
was  made  in  ovens  of  the  beehive  pattern,  12X6  feet,  occupying 
72  hours  in  the  coking.  It  is  used  in  the  furnaces  of  the  Cherry 
Valley  Iron  Company  at  Leetonia,  75  feet  X  16  feet,  and  55  feet  X 
14  feet.  In  the  large  furnace  it  carries  a  burden  of  about  two  pounds 
to  one  pound  of  coke.  The  sample  was  furnished  by  Professor  Ed- 
ward Orton,  and  I  am  indebted  to  Mr.  J.  G.  Chamberlain,  superin- 
tendent of  Cherry  Valley  Iron  Works,  and  Professor  Edward  Orton 
for  specimens  and  information  kindly  furnished. 
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Cohe. — Leetonia,  Columbiana  County,  Ohio. 


Moisture. 

True  sp.  gr. 

A.  sp.  gr. 

Per  cent,  of 
cells  by 
A'olurae. 

C.  C. in 
100  grams. 

Maximum,     .     .     . 
Minimum,      .     .     . 
Average  (12),      .     . 

0.142 
0.012 
0.047 

1.55 
1.46 
1.49 

0.844 
0.706 
0.770 

52.83 
36.06 
47.59 

74.00 
42.71 
62.23 

No.  13. — A  suite  of  twelve  specimens  from  the  Washington  City 
Gas  Light  Company,  are  added  for  the  sake  of  comparison.  This 
coke  is  such  as  is  sold  by  the  company  for  domestic  uses,  and  has  been 
crushed  and  washed.  Consequently,  it  shows  in  some  cases  a  high 
percentage  of  water;  it  also  shows,  as  might  be  expected  from  the 
method  of  its  manufacture,  wide  variations  in  all  the  determinations. 

Cohe. —  Washington  Gas  Wo7-ks. 


Moisture. 

True  sp.  gr. 

A.  sp.  gr. 

Per  cent,  of 
cells  by 
volume. 

C.  C.  in 

100  grams. 

Maximum,     .     .     . 

2.529 

2.07 

0.911 

66.39 

133.49 

Minimum,      .     .     . 

0.179 

1.48 

0.497 

46.59 

51.84 

Average  (12),     .     . 

0.802 

1.74 

0.772 

55.66 

75.48 

The  above  results  are  put  on  record  withoutdrawing  any  conclusions 
therefrom.  While  they  are  interesting  and  instructive,  yet  the  in- 
vestigation is  but  fairly  commenced,  and  conclusions  drawn  now  may 
be  materially  changed  by  subsequent  examinations.  There  is,  per- 
liaps,  no  subject  upon  which  more  erroneous  conclusions  have  been 
drawn  from  entirely  insufficient  and  often  imperfect  data  than  that 
of  coke,  and  it  is  especially  desired  to  avoid  anything  of  the  kind  in 
this  investigation.  It  is  intended  to  make  the  examination  suffi- 
ciently extended  to  embrace  a  large  number  of  determinations  of  all 
the  important  characteristics  of  coke,  so  that  it  will  furnish  a  basis 
for  forming  reliable  conclusions-  in  regard  to  the  uses  and  value  of 
coke. 

For  the  sake  of  convenience  in  comparison  a  table  is  added,  show- 
ing all  the  imi)ortant  information  at  present  accessible  in  regard  to 
the  cokes  examined. 
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BIOGBAFIIICAL  NOTICE  OF  LOUIS  GRUNER,  INSPECTOR- 
GENERAL  OF  MINES  OF  FRANCE. 

BY   T.    EGLESTON,    PH.D. 

I  HAVE  to  announce  with  great  regret  that  our  distinguislied  hon- 
orary member,  Louis  Gruner,  died  in  Paris  in  March  last.  The  In- 
stitute, in  his  death,  has  lost  one  of  the  first  as  well  as  one  of  the 
greatest  of  its  honorary  members.  I  speak  with  great  feeling,  as  he 
was  both  my  instructor  and  my  friend  ;  and  I  am  sure  that  if  he 
could  hear  what  I  am  about  to  say  of  him,  he  would  object 
to  it.  Mr.  Gruner's  modesty  was  such  as  even  to  prevent,  ex- 
cept in  his  own  Corps,  the  thorough  appreciation  of  his  work  in  his 
own  country.  I  think  he  was  better  appreciated  by  those  who  are 
familiar  with  his  labor  in  almost  any  other  country  than  his  own. 
A  just  man,  a  thorough  scholar,  a  great  investigator,  he  was  so  un- 
selfish that  almost  the  last  act  of  his  life,  and  the  last  letter  he  signed, 
only  a  few  hours  before  his  death,  had  for  its  object  to  render  a  ser- 
vice to  one  of  his  former  pupils.  I  think  no  one  who  was  ever  asso- 
ciated with  him  could  forget,  in  the  greatness  of  his  learning,  the 
sincere  and  earnest  friend,  who  was  always  ready  to  render  a  ser- 
vice, where  such  service  could  be  rendered  even  at  great  inconve- 
nience to  himself.  His  own  motto, ''Sein,  nicht  s(;hein;"  that  is, 
"Be,  not  appear  to  be,"  was  singularly  descriptive  of  his  character; 
and,  what  is  more  than  all,  he  was  one  of  the  most  earnest  Chris- 
tian men  with  whom  it  has  ever  been  ray  good  fortune  to  be  thrown 
in  contact.  There  are  few  such  men.  He  was  one  of  the  greatest 
metallurgists  that  Europe  has  ever  produced;  a  man  the  more  re- 
markable because,  though  known  to  most  of  us  as  a  metallurgist, 
some  of  the  best  work  of  his  life  was  in  the  domain  of  geology, 
to  which  he  contributed  very  important  researches  and  memoirs, 
which  will  remain  permanently  among  the  valuable  additions  to  the 
geology  of  his  own  country.  He  was,  at  the  same  time  that  he  was 
the  greatest  metallurgist  in  Europe,  a  brilliant  chemist,  a  thorough 
geologist,  a  distinguished  professor,  and  an  expert,  practical  miner, 
whose  advice  and  methods  had  only  to  be  known  to  be  followed. 

Mr.  Gruner  was  born  in  Switzerland  in  1809,  and  graduated  from 
the  Polytechnic  School  of  Paris  in  1830  and  entered  the  School  of 
Mines,  from  which  he  graduated  with  distinction  in  the  Corps  of 
Government  Engineers  of  Mines  at  an  early  age,  and  was  immedi- 
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ately  sent  to  travel  in  Germany.  Shortly  after  his  rctnrn  he  coni- 
menccil  to  prepare  himself  for  the  professorship  of  Cliemiistry  and 
^Metaliuroy  in  the  School  of  Miners  at  St.  Etienne,  which  position 
he  occnpiecl  from  1835  to  1847. 

At  the  very  l)eginning  of  his  professional  career  he  coninicnced 
the  puhlicAtion  of  observations  and  researches  of  great  value  to  the 
profession,  in  the  Annalcs  tJcs  Mines,  and  these  he  continued  to  pub- 
lish to  the  end  of  his  life.  In  1841  he  began  his  researches  on  the 
geology  of  the  Loire,  which  were  not  completed  until  1857,  when 
he  published  them.  This  volume  has  always  been  considered  a 
classical  work  in  France.  In  1847  he  published  a  resume  of  his 
great  work  on  the  geological  relations  of  the  coal  basin  of  the  Loire, 
which  before  it  was  completed  occupied  him  nearly  forty  years.  The 
complete  work  was  only  published  in  1882,  though  it  had  long  been 
in  the  hands  of  the  government  officers,  and  had  been  for  years  the 
authority  for  the  miners  of  the  district.  Though  much  has  been 
added  to  the  methods  of  geological  research  since  this  work  was 
finished,  the  new  methods  of  investigation  have  only  brought  more 
prominently  into  view,  how  carefully  all  his  observations  were  made, 
and  how  accurate  his  classification  was. 

During  all  this  time  he  was  actively  engaged  in  the  duties  of  his 
professorship  and  of  his  profession,  and  in  preparing  and  publishing 
a  large  number  of  memoirs  on  geology  in  the  Transactions  of  the 
Geological  Society  of  France,  the  Geological  Society  of  Lyons,  and 
in  the  Annales  des  Mines,  in  addition  to  researches  in  various  branches 
of  the  profession.  As  the  natural  result  of  his  great  services  in  the 
Department  of  the  Loire  he  was,  in  1852,  made  Director  of  the 
School  of  ^Miners  at  St.  £tienne.  Between  1852  and  1858  he  pub^ 
lished  in  the  Annales  des  Mines  the  classification  of  the  coals  of  the 
I^oire  and  the  Creuse.  In  1855  he  founded  the  Society  of  Mineral 
Industry  of  France,  one  of  the  most  flourishing  raining  and  metal- 
lurgical societies  of  Europe.  He  was  its  first  President,  and  for  a 
number  of  years  continued  to  hold  that  office.  When  he  resigned  he 
was  made  Honorary  President,  which  post  of  honor  he  retained 
until  his  death.  He  insured  the  success  of  the  society,  not  only  by 
presiding  over  its  councils,  but  by  contributing  to  its  Proceedings 
some  of  its  most  valuable  papers  and  discussions. 

Some  idea  of  the  fertility  of  his  genius,  and  also  of  his  intense 
mental  activity,  can  be  had  from  an  incomplete  list  of  his  metal- 
lurgical papers,  which  I  have  made  from  memoranda  at  hand.  Many 
of  these  were  the  results  of  long  and  patient  investigation,  while  others 
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were  the  productions  of  that  quick  and  ripe  judgment  which  made 
every  one  who  knew  him  weigh  well  every  word  which  fell  from  his 
lips.  In  1855  he  published  a  paper  on  "Masonry  Blast  Regulators 
for  Blast-furnaces,"  and  another  on  the  "  Calorific  Power  of  Different 
Fuels  ;"  one  on  "  Methods  of  Exploitation  adapted  to  Thick  Beds  of 
Coal;"  one  on  "Some  of  the  Silver  Mines  of  Chili;"  and  a  paper 
on  "Tempering  Steel."  In  1856  he  published  a  paper  ou  "Bes- 
semer Steel,"  and  one  on  the  "Lead  Mines  of  Tuscany."  In 
1857,  a  paper  on  "Wet  Processes  for  the  Manufacture  of  Cop- 
per," and  on  the  "Chemical  Ciianges  whicii  Cast-Iron  undergoes 
while  it  is  being  made  into  Wrought  iron."  In  1860  he  published 
one  of  the  first  investigations  made  upon  the  Bessemer  steel  pro- 
cess;  in  1863,  a  "Memoir  upon  the  Proi)er  Shape  of  the  In-walis 
of  Shaft-furnaces ;"  in  1864,  "On  the  Method  of  Agglomerating 
Fuels;"  in  1867,  a  remarkable  memoir  on  the  "Manufacture 
of  Steel ;"  in  1868,  a  complete  resume  of  the  "Condition  of  the 
Metallurgy  of  Lead"  at  that  time;  in  1869,  an  elaborate  exami- 
nation of  the  "  Heaton  Process,"  a  resume  of  the  then  new  "pro- 
cess for  the  manufacture  of  cast-iron  ;"  and  also  some  additional 
notes  on  the  "  Metallurgy  of  Lead  ;"  in  1870,  a  note  on  the  "  Me- 
chanical Properties  of  Steel  containing  Phosphorus;"  in  1871,  a 
memoir  on  the  "Use  of  Quicklime  in  Blast-furnaces,  and  a  Descrip- 
tion of  the  Hoffman  Furnace;"  in  1872,  his  remarkable  studies  on 
the  "Blast-furnace,"  and  a  memoir  on  the  "Various  Forms  of  Plot- 
Air  Apparatus ;"  in  1873,  a  memoir  on  the  "Calorific  Power  and  the 
Classification  of  Coals,"  and  a  very  remarkable  paper  on  the  "Heat 
Absorbed  at  High  Temperatures  by  Cast-iron  Slags  and  Steel ;"  in 

1875,  a  memoir  on  the  "Heat  Absorbed  at  High  Temperatures  by 
Copper  Mattes,  Lead,  and  different  kinds  of  Scoria  in  Fusion,"  and 
on  the  "Utilization  of  the  Heat  from  Metallurgical  Furnaces;"  in 

1876,  as  a  result  of  the  discussion  in  our  own  Society,  a  note  on  the 
"  Real  Meaning  of  the  words,  Iron  and  Steel ;"  in  1877,  a  paper  on 
the  "  Forms  and  Interior  Dimensions  of  Blast-furnaces,"  a  continua- 
tion of  his  "  General  Researches  on  Blast-furnaces ;"  in  1879,  a  memoir 
on  the  "Incidental  Products  of  Blast-furnaces;"  in  1881,  a  paper 
on  the  "  Kind  of  Steel  most  Suitable  for  Rails ;"  and  also  one  on 
"Belgian  Blast-furnaces."  Just  previous  to  his  death  he  published 
a  remarkable  memoir  ou  the  relative  "Oxidation  of  Irons,  Cast-irons, 
and  Steels."  His  last  researches,  published  by  his  sou  after  his  death, 
were  on  the  "  Treatment  of  Copper  in  the  Bessemer  Api)aratus." 
One  of  the  most  important  of  his  papers  is  that  ou  the  "Action  of 
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Carbonic  Oxide,"  a  memoir  which  was  published  by  the  Academy 
of  Sciences  with  distinguished  praise.  No  man  in  France  was  better 
qualifieil  to  have  been  a  member  of  that  body  by  learninp;,  or  by 
the  additions  made  to  the  sum  of  human  knowledge;  but  he,  like 
some  others  among  the  greatest  investigators  of  France,  never  was  a 
member  of  the  Institute  of  France. 

In  1858  he  was  called  to  the  Chair  of  Metallurgy  in  the  School  of 
Mines  in  Paris,  which  position  he  occupied  with  great  zeal  and  dis- 
tinction until  the  year  1872,  when  he  was  called  to  the  position  of 
Vice-President  of  the  Council  of  Mines,  the  highest  position  in  the 
Corps  of  which  he  was  a  member,  the  minister  being  the  President. 
Just  previous  to  leaving  St.  fitienne,  at  the  direction  of  the  French 
Government,  and  in  connection  with  Mr.  Lan,  ho  made  a  report 
which  was  published  in  1862  on  the  Present  Condition  of  the  Metal- 
lurgy of  Iron  and  Steel  in  England,  a  book  which  was  for  some 
yeai"s  classic,  and  which  resulted  in  a  number  of  important  modifi- 
cations ill  the  industry  of  these  materials  in  France.  During  all  the 
time  that  he  was  professor,  he  was  constantly  engaged  in  making 
researches  on  the  new  methods  of  making  steel,  the  dephosphoriza- 
tion  of  cast  iron,  steel  and  iron,  and  the  use  of  gas  at  high  tempera- 
tures, and  on  the  metallurgy  of  lead,  copper,  and  silver,  besides 
many  memoirs  on  general  questions  connected  with  metallurgy.  He 
made  the  first  researches  and  applications  of  the  use  of  basic  mate- 
rials which  eventually  led  to  the  discovery  of  the  basic  Bessemer 
process. 

In  1876  Mr.  Gruner  was  made  a  member  of  the  International 
Committee  appointed  by  this  Institute  to  determine  the  nomencla- 
ture of  iron  and  steel,  and  he  wrote  the  best  discussion  of  the  whole 
subject  which  was  submitted  to  the  members  of  that  committee. 
Through  his  influence  and  his  discussion  of  the  question  in  the  tech- 
nical societies  and  journals,  that  nomenclature  was  immediately  re- 
ceived with  great  favor  in  France. 

Immediately  after  resigning  his  professorship,  he  commenced  the 
collection  of  his  own  researches  in  book  form,  and  the  publication  at 
the  same  time  of  his  lectures  at  the  School  of  Mines  in  Paris,  of 
which  the  first  volume  and  half  of  the  second  only  have  been  pub- 
lished. He  was  actively  engaged  in  preparing  the  remaining  vol- 
umes at  the  time  of  his  death.  It  is  not  generally  known  that  while 
he  was  preparing  his  lectures  for  publication,  he  was  attacked  by 
what  he  and  all  his  friends  believed  to  be  a  fatal  malady,  which 
kept  him  for  many  months  confined  to  his  bed,  but  did  not,  however, 

VOL.  XII. — 9 


130      DISTRIBUTION    OF    IRON    ORES    OF    EASTERN   UNITED   STATES. 

interrupt  the  labor  which  he  considered  to  be  the  great  work  of  his 
life.  Without  much  more  time  than  I  have  at  my  command  it 
would  be  impossible  to  render  justice  to  the  intense  devotion  to  duty 
of  this  Christian  man,  lying  as  he  supposed  upon  his  death-bed,  who 
still  had  the  force  of  will  and  the  moral  courage  to  endeavor  to  finish 
the  work  which  he  had  undertaken  in  the  expectation  of  being  of 
use  to  his  fellow-men  not  only  during  his  life,  but  also  after  his  death. 
Some  of  those  who  were  witnesses  of  this  courage  and  fortitude  have 
described  to  me  the  intense  desire  which  this  remarkable  man  had 
to  do  his  duty  in  the  state  of  life  in  which  it  had  pleased  God  to  call 
him,  even  in  the  very  face  of  death.  This  same  desire  made  him, 
while  almost  in  the  agonies  of  death,  sign  a  letter  to  render  a  ser- 
vice to  one  of  his  old  pupils,  when  his  trembling  hand  could  scarcely 
trace  the  signature. 

In  looking  over  his  character  as  a  whole,  it  is  difficult  to  tell 
whether  one  should  admire  most  his  great  learning,  the  wisdom  with 
which  he  collected  together  the  results  of  long  practice  in  mines  and 
works,  and  drew  his  conclusions  from  them,  his  constant  devotion  to 
duty,  the  quick  and  rapid  intelligence  with  which  he  attacked  every 
problem  brought  before  him,  the  Christian  modesty  of  the  man,  or 
the  disinterested  way  in  which  he  endeavored  to  make  his  own  the 
interests  of  those  with  whom  he  was  associated,  or  who  applied  to 
him  for  help. 


GEOLOGICO-GEOGBAPHICAL  DISTRIBUTION  OF  THE 
IRON  ORES  OF  THE  EASTERN  UNITED  STATES. 

BY  JOHN  C.  SMOCK,  NEW  BRUNSWICK,  N.  J. 

While  I  was  engaged  in  the  preparation  of  a  catalogue  or  list  of 
mineral  localities  of  the  United  States,  east  of  the  one  hundredth 
meridian,  for  the  U.  S.  Geological  Survey,  tiie  thought  occurred  to 
me  that  an  arrangement  or  classification  of  the  iron-ore  districts  of 
the  eastern  part  of  our  country  according  to  their  geological  horizons 
would  be  an  interesting  topic  for  a  paper,  and  would  furnish  a  basis 
upon  which  to  arrange  many  facts  brought  out  by  the  constant  de- 
velopment of  our  iron-mining  districts.  Our  text-books  of  min- 
eralogy, geology,  and  ore-deposits  describe  the  iron-ores  and  the 
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iron-ore  districts  in  the  order  of  species  and  not  in  that  of  geological 
age.  The  mineralogioal  classification  has  been  followed  almost 
exclusively.  The  magnetic  iron-ores,  the  hematites,  the  fossiliferous 
ores  and  the  limonites  are  the  chief  subdivisions  in  these  systems  of 
classitieation. 

Prof.  J.  P.  Lesley,  in  his  Iron  Manufacturer's  Guide,  1859, 
baseil  his  arrangement  upon,  first,  "  the  primary  ores,  the  brown 
hematite  ores,  the  di/esf one  fossil  ore,  the  carbonate  ores,  and  the  bog 
ores  ;  "  and,  second,  the  geologico-geographical  distribution  of  these 
several  forms  or  compounds  of  iron,  occurring  naturally  and  in 
sufficient  abundance  to  justify  their  use  as  ores  of  iron.  Prof.  Plenry 
D.  Rogers,  in  his  Final  Report  on  the  Geology  of  Pennsylvania, 
Vol.  II.,  Part  II.,  pp.  712-740,  described  briefly  the  ores  occurring 
in  the  several  geological  horizons  which  appear  in  that  State.  The 
geological  survey  reports  of  other  States,  in  their  descriptions  of 
rocks  characteristic  of  the  formations  in  them,  include  the  iron-ores 
and  note  the  modes  of  occurrence  and  extent  of  working.  Gen- 
erally the  subdivisions  of  these  official  reports  follow  political  boun- 
daries, or  the  ores  are  described  under  the  head  of  economic  geology. 
In  both  plans  of  arrangement  the  geological  horizon  is  made  subor- 
dinate to  the  more  popular  or  more  practical,  but  less  philosophical 
or  scientific  method  of  classification. 

Taking  the  geological  age  or  formation  as  the  key  to  our  arrange- 
ment, we  discover  the  natural  order.  Geological  structure  under- 
lies the  surface  features  and  determines  the  natural  boundaries  of 
districts ;  and  the  channels  of  production  and  trade  follow  in  most 
cases  the  lines  it  indicates.  The  study  of  the  origin  of  iron-ores  is 
aided  by  this  arrangement.  Their  general  character  and  adaptation 
to  manufacture  also  are  to  some  extent  revealed  by  the  discovery  of 
their  geological  position. 

It  has  been  often  repeated  that  beds  of  iron-ore  occur  among  the 
strata  of  all  geological  periods.  That  the  oxides  of  iron  and  car- 
bonates of  iron  are  among  the  most  common  and  most  abundant  of 
the  chemical  compounds  which  make  up  the  earth's  crust,  is  a  well- 
known  fact.  They  enter  into  the  composition  of  all  of  our  rocks  ; 
and  there  are  formations  of  vast  extent,  whose  strata  in  the  aggre- 
gate contain  inexhaustible  quantities  of  iron.  The  red  rocks  of  the 
Devonian  age  and  of  the  Triassic  age  and  the  glauconitic  sands  of 
the  Cretaceous  and  Tertiary  ages  are  such  formations.  But  there 
are  gaps  in  our  rock-series ;  and  there  are  '^  barren  measures  "  in 
which   no  workable  extent  of   iron-ore  is  as  vet   known.     Other 
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horizons  are  so  rich  in  iron-ores  that  their  very  outcrops  at  once 
suggest  the  search  after  this  mineral.  And  even  in  any  given 
formation,  belts  marked  by  the  occurrence  of  iron-ore,  separated  by 
broad  intervals  in  which  it  is  altogether  wanting,  are  recognized. 
Hence  the  importance  of  a  study  of  the  marks  whereby  iron-ore 
deposits  may  be  identified  in  new  districts  or  localities.  This  irregu- 
lar and  often  apparently  confused  alternation  of  ore-bearing  belts  or 
horizons  and  barren  strata  is  suggestive  in  view  of  the  genesis  of 
these  ores.  Conditions  favoring  their  deposition  alternated  with 
others  of  long  duration  when  they  were  not  laid  down.  As  in  the 
history  of  early  man,  there  were  stone  ages  and  iron  ages.  In  this 
relation  it  is  important  to  lay  aside  the  old  and  once  prevailing 
theory  that  all  metallic  veins  were  erupted  through  the  strata  and 
were  entirely  foreign  to  them  in  origin  and  history.  Nor  is  the 
theory  of  segregated  veins  of  much  interest  or  service.  Our  iron- 
ores,  with  few  exceptions,  are  to  be  studied  as  other  rocks.  They 
make  up  a  part  of  the  series  of  stratified  deposits,  either  as  unaltered 
sediments  or  as  metamorphosed  beds,  or  they  appear  (though  rarely) 
as  unstratified  masses.  The  theory  of  a  sedimentary  origin  is  more 
in  harmony  with  the  facts  of  deposition  now  in  progress.  Beds  of 
iron-ore  are  now  known  to  be  forming  on  a  large  scale.  Given  the 
continuance  of  these  favoring  conditions,  and  the  formation  of  beds 
of  great  extent  is  recognized  as  possible.  And  since  the  uniformi- 
tarian  law  is  employed  in  discussing  the  origin  of  rock-strata,  its 
application  to  the  beds  of  iron-ore,  which  occur  conformably  strati- 
fied with  them,  is  eminently  scientific. 

Laurentian. — Beginning  at  the  base  of  the  geological  series  with 
the  Laurentian,  immense  beds  of  magnetitic  iron-ore  occur  inter- 
stratified  with  the  rocks  of  that  period.  As  has  been  said  by  Le 
Conte,  "it  may  well  be  called  the  age  of  iron."  In  the  granitic 
and  gneissic  rocks  of  Maine  there  are  beds  of  iron-ore  on  Buckfield 
and  Marshall's  Islands  in  Hancock  County  and  on  Mount  Desert 
Islands,  but  they  are  not  worked.  The  abandoned  Franconia  mine 
in  Grafton  County,  New  Hampshire,  is  on  a  vein  of  magnetite  oc- 
curring with  gneissic  strata.  Magnetite  associated  with  hematite  is 
found  in  granite  at  the  celebrated  Iron  Mountain  in  Bartlett.  The 
specular  ore  of  Grafton,  occurring  in  quartzite,  is  Archaean,  but 
possibly  Huronian.  The  magnetiteand  hematite  of  Hawley,  Mass., 
where  the  country  rock  is  talcose  schist,  may  also  be  Huronian. 
The  other  localities  in  the  State  where  this  ore  occurs  in  small 
quantities  and  in  gneiss  are,  possibly,  Huronian,  or  at  least  of  the 
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Arohtvan  a2:e.  The  Connecticut  localities  of  magnetite,  mostly  in 
Fairliekl  County,  belong-  apparently  to  the  Laurentian.  None  of 
them  are  of  much  importance  as  sources  of  ore.  The  celebrated 
Cumberland  Iron  Hill  in  Rhode  Island  is  in  a  gneissie  and  granitic 
country-rock,  and  probably  Laurentian. 

Leaving  New  England,  the  debatable  ground  of  geologists,  we 
pass  to  the  Middle  States,  where  the  Laurentian  magnetites  are  im- 
mensely developed.  The  well-known  Lake  Champlain  region  is 
justly  famous  for  its  almost  inexhaustible  beds  of  magnetite.  The 
production  of  this  district  in  1882  was  estimated  to  be  675,000  tons. 
Its  ores  supply  to  a  great  extent  the  Hudson  and  Champlain  valley 
furnaces.  In  the  Highlands  of  the  Hudson  there  is  another  Lau- 
rentian area,  where  magnetite  occurs  associated  with  gneissie  rocks. 
There  are  several  well-known  mining  centres  in  it.  The  annual 
product  of  this  district  may  be  estimated  at  300,000  tons,  making 
the  total  product  of  the  Laurentian  magnetic  iron-ore  districts  of 
New  York  very  nearly  1,000,000  tons  a  year.  The  same  mountain 
range  traverses  the  northern  part  of  New  Jersey  and  crosses  the 
Delaware  River  into  Pennsylvania.  There  are  numerous  mines  in 
the  former  State,  and  their  aggregate  production  in  1882  amounted 
to  800,000  tons.  In  the  South  Mountain,  which  is  its  name  in 
Pennsylvania,  there  are  several  mines  worked,  besides  many  local- 
ities where  ore  is  known  to  occur. 

Magnetite  has  been  mined  in  Maryland  at  Deer  Creek,  in  Harford 
County,  in  what  is  supposed  to  be  the  Laurentian  formation.  Fol- 
lowing the  Blue  Ridge  southwest  into  Virginia,  the  Laurentian  rocks 
contain  some  iron-ores  ;  and  mines  were  opened  there  at  a  very  early 
period  in  the  history  of  the  State.  The  Ripplemead  mine  near 
Pearisburg  in  Giles  County,  the  Gallaher  bank  near  Abingdon  in 
"Washington  County,  the  NYytlieville  mine,  Wythe  County,  the 
Toncray  mine,  Bear  Beds  and  Hylton  mine  in  Floyd  County,  besides 
many  other  localities  in  these  and  in  Carroll  and  Grayson  counties, 
constitute  a  range  of  openings  along  the  Blue  Ridge, 

North  Carolina  has  several  ranges  of  so-called  "  primary  ores." 
The  westernmost  is  on  the  Smoky  Mountains  or  Unaka  range,  in 
the  extreme  northwest  part  of  the  State.  The  recently  developed 
and  immense  beds  of  magnetite  at  Cranberry  in  Mitchell  County 
are  in  it.  On  the  east  there  is  a  range  of  magnetic  ore  in  Burke, 
Caldwell,  and  Wilkes  counties,  which  is  reported  as  Laurentian  by 
Prof.  Kerr,  the  State  geologist.  Other  ore-ranges  of  this  period  are 
the  titaniferous  magnetic  ores  from  Greensboro  to  the  Haw  River  in 
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Rockingham  County,  scarcely  exploited  as  yet;  the  magnetites  of 
Jackson,  Macon,  and  of  the  French  Broad  district ;  and  the  car- 
bonate ores  which  are  found  in  the  gold-bearing  belt  of  Cabarras, 
Rowan,  and  Davidson  counties. 

The  southwestern  extension  of  the  Virginia  Laurentian  or  mag- 
netic iron-ore  ranges  is  recognized  in  Eastern  Tennessee,  and  the 
mines  at  Crab  Orchard  in  Carter  County  and  other  localities  are  in 
it.     The  ores  occur  in  raetamorphie  rocks. 

The  Blue  Ridge  crosses  the  northwest  corner  of  Georgia,  and  some 
of  its  gneissic  rocks  are  probably  of  the  Laurentian  period.  Local- 
ities of  magnetic  iron-ore  are  known  in  them.  Some  of  the  specular 
ores  occurring  in  the  talcose  slates  of  the  Allatoona  Hills  may  be  of 
the  same  horizon.  They  are  at  least  as  old  as  the  Huronian  if  not 
Laurentian. 

Crystalline  rocks  of  the  Laurentian  (or,  possibly,  the  Montalban 
of  Hunt)  are  traced  across  from  Georgia  into  Coosa,  Macon,  Lee, 
and  Tallapoosa  counties  in  Alabama ;  and  magnetites  are  known  to 
occur  in  them,  though  none  of  the  localities  are  worked.  These 
rocks  are  the  southwesternmost  and  last  outcrop  of  the  Appalachian 
range  of  Archaean  time. 

The  undeveloped  magnetites  of  Hot  Springs  County  in  Arkansas 
and  the  ores  which  are  reported  in  the  granitic  belt  extending  from 
Burnet  County  southwest  into  Llano  County  in  Texas  are  appar- 
ently of  the  Archaean,  though  their  exact  horizon  is  not  known. 

Huronian. — The  division  between  the  rocks  of  the  Laurentian 
and  those  of  the  Huronian  periods  is  not  everywhere  plain,  and  much 
doubt  exists  concerning  many  localities  and  even  large  areas  of  ter- 
ritory. Specular  ore  is  characteristic  and  typical  of  the  Huronian 
in  many  districts  and  localities.  Magnetite  also  occurs  in  it.  As 
the  Huronian  rocks  are  found  bordering  the  older  Laurentian  out- 
crops in  nearly  all  these  districts,  it  is  impossible  in  some  cases  to 
separate  them  into  belts  or  independent  groups.  Beginning  again 
at  the  northeast,  it  may  be  well  to  state  that  possibly  some  of  the 
magnetites  in  New  England  which  have  been  referred  to  the  Lau- 
rentian may  belong  to  the  newer  Huronian  period.  The  titaniferous 
magnetite,  occurring  in  talcose  schists  at  Troy,  and  the  Somerset 
mine,  in  gneiss,  in  Connecticut  are  probably  of  this  horizon.  Tiie 
spathic  iron-ore  of  Roxbury,  in  the  same  State,  may  be  placed  in  it. 
None  of  these  ores  found  in  either  Laurentian  or  Huronian,  in  New 
England,  are  utilized. 

The  descriptions  of  the  specular  ores  of  St.  Lawrence  County, 
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N.  Y.,  indicate  a  nearness  to  the  Potsdam  rocks  and  such  diiferences 
from  the  I^aurontian  magnetites  of  tiie  Lake  Champlain  district 
that  it  seems  proper  to  assign  them  to  the  Huronian. 

In  Xew  Jersey  specnhir  ores  are  unknown.  The  red  hematite  at 
Cedar  Kill  in  Sussex  County,  and  on  Marble  Mountain  in  Warren 
County,  are  associated  with  rocks  whose  geological  position  is  unde- 
termined, but  somewhere  above  Laurcntian  and  not  higher  than  the 
Potsdam  epoch. 

No  Huronian  ores  are  known  to  occur  in  Pennsylvania  unless  the 
micaceous  hematites  of  York  County  be  referred  to  this  position. 

In  Virginia  the  magnetite  and  hematite  lately  so  extensively  de- 
veloped along  the  James  River  at  Rivervale,  Green  way,  and  Staple- 
ton,  and  which  occur  with  orthofelsites,  have  been  reported  by  Dr. 
Persifor  Frazer  to  be  Huronian. 

The  Huronian  rocks  of  North  Carolina  carry  iron-ores  in  several 
belts.  The  ranoje  of  mag-netites  from  Anderson  Mountain  on  the 
Catawba  River  to  King's  Mountain  on  the  South  Carolina  border; 
the  Gaston,  Lincoln,  and  Catawba  counties  range  of  magnetites  with 
hematites  in  talcose  and  quartzitic  slates  ;  the  magnetic  ores  of  Yad- 
kin, Surry,  and  Stokes  counties  ;  the  hematite  of  Halifax,  Granville 
County;  the  specular  and  magnetic  ores  of  the  Buckhorn  and  Doug- 
lass mines  on  Cape  Fear  River;  the  hematite  and  specular  ores  of 
Chapel  Hill;  those  of  Montgomery  and  Randolph  counties;  the 
Linville  Mountain  limonites,  McDowell  County,  and  the  liraonites 
of  Wake  County,  are  placed  by  the  State  geologist  in  the  Huronian. 

Followino;  the  rano-es  of  North  Carolina  southwest  we  come  to 
the  magnetic  and  specular  ores  of  South  Carolina  in  slate  rocks,  and 
in  a  narrow  district  in  York,  Union,  and  Spartanburg  counties. 
The  magnetite  occurs  in  a  band  of  talcose  slate,  interstratified  and 
apparently  contemporaneous;  Avhereas  the  specular  ores  are  found 
in  a  mica-slate  belt  lying  immediately  over  the  former.  From  their 
lithological  associations  and  from  their  relation  to  the  Huronian  belt 
of  North  Carolina  it  is  supposed  that  they  are  of  the  same  age.  The 
brown  hematites  of  Spartanburg  and  Pickens  counties,  also  in  mica- 
slate,  are  probably  in  this  horizon.  Neither  the  ores  of  North  Caro- 
lina nor  those  of  South  Carolina  are  mined  to  any  considerable  ex- 
tent. No  mines  are  reported  in  the  latter  State  as  worked  during 
the  census  year. 

Leaving  the  Appalachian  region,  two  world-famous  iron-ore  dis- 
tricts in  the  West  are  of  the  Huronian  period.  The  Iron  Mountain, 
Pilot  Knob,  and  other  neighboring  deposits  in  Southeast  Missouri 
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occur  in  porphyry  rocks.  These  immense  deposits  supply  nearly  all 
the  iron  manufacturing  which  centres  at  St.  Louis.  The  product  of 
this  group  of  mines  is  about  300,000  tons  annually. 

The  other  western  district  is  that  of  Marquette  and  the  Meno- 
minee region  in  Michigan.  Here  magnetic  and  specular  iron-ores, 
with  limonites  in  some  localities,  occur  in  thick  lenticular  masses, 
lying  between  greenstones  and  quartzites.  The  production  of  these 
ranges  in  1882  amounted  to  3,543,313  gross  tons.  Of  this  amount 
276,617  tons  came  from  two  mines  south  of  the  Menominee  River 
and  in  Florence  County,  Wis.  The  rapid  development  of  these 
iron-ore  regions  is  one  of  the  wonders  in  the  history  of  mining. 
In  the  Penokie  range  in  Wisconsin,  from  Lake  Gogebic  to  Lake 
Numakagon,  magnetites  and  manganiferous  specular  ores  in  quartz- 
ites are  being  developed.  On  account  of  their  excellent  quality  they 
promise  well. 

West  of  Lake  Superior,  the  Vermilion  iron  range  in  Minnesota 
is  being  opened  to  market  by  the  construction  of  railways,  and  the 
deposits  are  said  to  be  very  promising.  The  ore  is  a  hard,  specular 
variety.  Further  to  the  north,  on  the  Mesabic  range,  magnetite 
occurs  with  trap-rock  and  gabbro.  Its  associations,  similar  to  that 
of  the  Penokie  range  in  some  respects,  may  be  indicative  of  a  like 
age.  It  is  interesting  as  being  the  westernmost  extension  of  the 
ores  of  this  class  in  our  Eastern  and  Central  States. 

This  extraordinary  development  of  the  Huronian  ores  in  the  West 
and  the  large  production  of  the  Laurentian  districts  in  the  East 
are  noteworthy.  Specular  ores  mark  the  former;  magnetites  the 
latter.  Comprehended  by  Archaean  time,  the  great  wealth  of  iron- 
ore  in  these  two  geological  periods  is  another  index  of  its  great 
length,  probably  equal  to  the  combined  periods  of  all  the  succeeding 
geological  ages.  Of  the  total  product  of  iron-ore  for  1882  as  esti- 
mated (from  the  statistics  of  iron  manufacture)  at  8,500,000  tons,  at 
least  5,500,000  tons,  or  65  per  cent.,  came  from  the  mines  and  mining 
districts  of  Laurentian  and  Huronian  periods  or  of  Archaean  time. 

Lower  Silurian. — The  classification  of  iron-ores  according  to  their 
geological  horizon  is  attended  with  uncertainty  in  the  case  of  many 
localities  and  outcrops.  And  in  no  other  is  there  more  doubt  and 
difficulty  than  in  the  Lower  Silurian  or  Siluro-Cambrian  horizon. 
The  ores  which  belong  in  it  are  mostly  brown  hematites  or  limon- 
ites. They  appear  to  be  the  result  of  alteration,  by  oxidation  and 
hydration,  of  other  compounds  of  iron ;  and  in  many  places,  appar- 
ently, this  change  has  been  subsequent  to  the  upheaval  and  solidifi- 
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cation  of  the  inclosing;  strata.  It  should  also  be  stated  that  some 
of  the  deposits  referred  to  the  Lower  Silurian  may  be  of  a  much 
more  recent  ag^e.  The  doubts  respecting  the  true  geological  place 
of  metamorphic  strata  assigned  to  the  Lower  Silurian  affect  the  iron- 
ores  in  them  also. 

Returning  to  the  northeast  and  pursuing  a  southwest  and  west- 
northwest  course,  as  outlined  by  the  rocks  of  the  Archaean  islands 
of  the  early  continent,  the  only  beds  of  iron-ore  which  we  encounter 
in  ^L^iue  that  may  be  Lower  Silurian  are  the  extensive  ones  of  red 
hematite,  in  calciferous  slate  in  Aroostook  County.  In  Vermont 
and  Xew  Hampshire  there  are  no  ores  which  are  worked  largely, 
unless  it  be  the  liraonite  of  Bennington  and  Rutland  counties.  They 
are  found  in  the  metamorphosed  or  altered  Lower  Silurian  lime- 
stones. The  magnetic  ore  of  Bernardston  in  Massachusetts  has  been 
referred  to  this  horizon.  It  is  of  comparatively  little  economic  im- 
portance. 

The  limonites  of  Berkshire  County,  Mass.,  of  Litchfield  County, 
Conn.,  and  those  of  Columbia  and  Dutchess  counties  in  New  York, 
form  a  productive  group,  in  which  are  the  famous  Salisbury  and 
Amenia  beds.  They  are  found  lying  in  somewhat  irregularly-shaped 
deposits  between  white  limestone  and  talcose  slate  (Mather),  and 
belong  to  the  Lower  Silurian.  The  existence  of  carbonate  of  iron 
in  some  of  the  deeper  workings  in  these  mines  indicates  that  mineral 
as  the  source  of  the  hematites  which  crop  out  and  form  the  mass  of 
the  ore  as  opened.  This  district  produced  in  the  census-year  about 
220,000  tons  of  ore. 

Going  southwest  the  brown  hematite  deposits  of  the  Great  Valley 
from  the  Hudson  to  Alabama  belong  principally  to  the  Lower  Si- 
lurian. There  are  a  few  large  mines  in  New  Jersey  which  are  worked 
at  irregular  intervals.  In  Pennsylvania  the  numerous  ore-banks  in 
the  Kittatining  vallc}'  from  the  Delaware  to  the  Susquehanna;  the 
mines  west  of  the  Susquehanna  in  York,  Cumberland,  and  Franklin 
counties;  the  more  widely-scattered  deposits  in  the  Kishcoquillas, 
Nittany,  Sinking,  Canoe,  and  Morrison  Cove  valleys  of  the  central 
part  of  the  State,  are  in  it.  Generally  the  ore  occurs  associated  with 
raagnesian  limestone  (Formation  II.  of  Prof.  Rogers).  Situated  as 
these  ore-deposits  are,  near  the  anthracite  coal-fields  on  the  north 
and  the  semi-bituminous  basins  on  the  south,  and  yielding  a  large 
aggregate  of  excellent  ore,  they  supply  the  Lehigh  and  the  Schuyl- 
kill furnaces  in  part.  No  statistics  of  their  production  are  accessible, 
but  it  is  estimated  that  a  large  fraction  of  the  Pennsylvania  returns 
for  iron- ore  is  from  them. 
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The  Maryland  deposits  of  this  geological  horizon  are  worked  in 
Washington  and  Frederick  counties,  but  not  largely. 

In  Virginia  the  Lower  Silurian  formations  are  rich  in  brown 
hematites,  and  numerous  mines  have  been  opened.  Red  hematite 
occurs  in  the  lower  slates  of  the  Potsdam  epoch,  in  Warren,  Au- 
gusta, Rockbridge,  Botetourt,  Bedford,  Wythe,  and  Smythe  counties. 
Brown  hematites  are  found  in  the  same  horizon  at  many  points  in 
the  Great  Valley  and  along  the  western  foot  of  the  Blue  Ridge. 
They  occur  in  the  magnesian  limestone  also.  These  valley-ores  are 
the  basis  of  a  growing  iron-making  industry. 

The  Great  Valley  crossing  Tennessee  is  known  as  the  Valley  of 
East  Tennessee.  It  abounds  in  iron-ore  and  constitutes  the  eastern 
iron-ore  region  of  the  State.  The  limonite  is  in  banks  or  deposits 
in  a  matrix  of  clay,  sand,  chert,  and  debris  of  disintegrated  rocks  of 
the  Knox  group  (Potsdam)  and  mostly  in  the  Knox  dolomite. 
Many  localities  in  all  the  counties  from  the  Virginia  line  to  Georgia 
have  been  opened.  Hematite  in  the  Knox  sandstone  in  Carter 
County,  and  at  several  localities  in  Sullivan  County,  is  worked.  It 
occurs  in  the  Nashville  series  also  (Trenton  epoch),  in  Maury,  Da- 
vidson, and  Campbell  counties,  and  is  largely  used  at  Chatta- 
nooga. 

The  extension  of  the  valley  into  Alabama  is  there  distinguished 
for  its  wealth  in  iron-ore,  and  in  the  Coosa  valley  ore-banks  opened 
at  the  top  of  the  dolomitic  limestone  at  intervals  from  near  Colum- 
biana in  Shelby  County  northeast  to  the  Georgia  line  are  supplying 
several  furnaces;  in  the  Cahaba  valley  from  near  Centreville  in 
Bibb  County  to  Gadsden  in  Etowah  County  ;  in  Roup  and  Jones' 
valleys  many  mines  opened  in  Bibb  and  Tuscaloosa  counties ;  in 
Murfrees  valley;  in  Willis  valley,  several  mines;  Brown's  valley, 
no  openings  worked.  Oolitic  red  hematite  just  below  the  Trenton 
limestone  is  traced  from  Pratt's  Ferry,  Bibb  County,  nearly  to  Bir- 
mingham. The  importance  of  these  ores  in  so  close  proximity  to 
coals  of  the  Cahaba  and  Coosa  fields  is  rapidly  becoming  appre- 
ciated. 

The  only  lower  Silurian  ores  in  North  Carolina  are  in  the  south- . 
west  corner  of  the  State,  in  Cherokee   County ;  but  they  are  too  far 
from  transportation  lines  to  be  valuable  at  present,  and  are  not  much 
opened. 

In  Georgia  the  Silurian  formations,  which  crop  out  in  the  extreme 
northwestern  counties  of  the  State,  are  in  places  highly  metamor- 
phosed, and  red  hematites  are  found  with  some  of  these  rocks.  Brown 
hematites  also  are  known,  but  these  are  not  yet  much  worked. 
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In  consequence  of  the  great  extent  of  the  Lower  Silurian  outcrop 
in  Missouri,  there  are  many  Uicalities  in  the  central  and  southeast 
districts  of  that  State  where  liematites  are  mined.  Red  hematites 
occur  in  the  second  sandstone  in  Crawford,  Phelps,  and  Dent  coun- 
ties, besides  scattering  banks  in  Franklin,  Maries,  Washington, 
Miller,  Camden,  Pulaski,  and  Shannon  counties.  Limonite  is  found 
in  the  southeast  district  in  Saint  Genevieve,  Perry,  and  Cape  Gi- 
rardeau counties  in  small  deposits.  Richer  and  larger  beds  are 
known  in  Bollinger,  Madison,  Wayne,  Iron,  Butler,  and  Stoddard 
counties.  They  repose  on  the  shales  of  the  Upper  Silurian  and 
partly  on  the  second  magnesian  limestone. 

In  Wisconsin,  in  the  Potsdam  sandstone,  red  hematite  and  limonite 
are  mined  at  Westfield  and  at  Ironton  in  Sauk  Connty,andat  Caze- 
novia  in  Richland  County.     They  supply  local  furnaces. 

As  the  Lower  Silurian  formations  linked  together  and  surrounded 
the  Archsean  rocks,  their  iron-ore  localities  are  more  widely  scat- 
tered than  those  of  the  latter'.  The  beds  or  ore  deposits  are  distin- 
guished for  length  of  outcrop  rather  than  thickness.  And  there  are 
no  such  thick  beds  as  in  the  Laurentian  areas.  Another  point  of 
difference  is  the  absence  of  magnetite  and  specular  ore  and  the  prev- 
alence of  limonite.  It  is  so  distributed  that  it  may  be  regarded  as 
the  characteristic  iron-ore  of  this  period.  The  total  thickness  of  the 
ore-beds  as  compared  with  that  of  the  rock  is  inconsiderable.  Al- 
though they  occur  in  sedimentary  formations,  the  ores  do  not  generally 
show  any  evidences  of  stratification,  but  are  often  irregularly-shaped 
bodies  which  apparently  fill  cavities  and  hollows  in  the  inclosing 
rock-matrix,  and  doubtless  some  of  them  are  of  more  recent  forma- 
tion than  the  rocks  about  them.  Others  are  altered  carbonates  which 
are  interstratified  with  the  limestone  or  other  sedimentary  rock. 

Upper  Silurian. — The  Upper  Silurian  age  includes  the  Oneida, 
Medina,  Clinton,  Niagara,  Onondaga,  Lower  Helderberg,  and  Oris- 
kany  groups  of  New  York,  and  the  Formations  IV.,  V.,  and  VI. 
of  Prof.  Rogers's  Pennsylvania  series.  Shales,  sandstones,  and  lime- 
stones are  the  prevailing  rocks.  Excepting  the  Clinton  and  the 
Oriskany  (to  a  limited  extent  only),  this  age  was  not  so  favorable  to 
the  formation  of  iron-ore  beds  as  the  Lower  Silurian.  The  Clinton, 
however,  is  characterized  by  its  peculiar  oolitic,  red  hematite,  which 
follows  its  outcrops  from  New  York  almost  uninterruptedly  to  Ala- 
bama. In  the  former  State  this  ore,  known  also  as  fossil  ore,  is 
mined  at  Verona,  Westmoreland,-  New  Hartford,  and  Clinton  in 
Oneida  County ;  at  Ontario  in  Wayne  County,  and  in  Madison 
County.     These  mines  supply  local  furnaces  only. 
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Following  the  Clinton  southward  into  Pennsylvania,  the  largest 
mines  on  the  fossil  ore  are  near  Bloonisburg-h  and  Danville  in  Mon- 
tour  County,  and  Danville  is  the  centre  of  its  consumption.  Thence 
it  is  traceable  through  Northumberland,  Snyder,  Mifflin,  Centre, 
Juniata,  Fulton,  Huntingdon,  and  Bedford  counties  to  the  Maryland 
line. 

In  Virginia  the  Clinton  is  rich  in  ore ;  and  mines  are  opened  in  it 
west  of  the  Great  Valley  in  "VVythe,  Giles,  Bland,  Tazewell,  Russell, 
Scott,  Lee,  and  Wise  counties. 

The  fossil  or  "  dyestone  ore  "  of  Tennessee  occurs  on  the  eastern 
border  of  the  Cumberland  table-land  almost  entirely  across  the  State 
— 160  miles — and  to  the  Georgia  line.  The  ore  is  largely  employed 
in  the  Chattanooga  iron  district.  In  1880  71,657  tons  of  it  were 
mined. 

The  continuation  of  the  dyestone  ridges  of  Tennessee  into  Ala- 
bama exposes  the  ore  interstratified  with  shales  and  sandstones  on 
each  side  of  the  anticlinal  Roup's  and  Jones's  valleys  and  in  what 
are  known  as  Red  Mountain  ridges.  It  is  extensively  mined  at 
several  points  southwest  of  Birmingham ;  also  at  Attala  in  Hills 
Valley,  Gadsden,  Round  Mountain,  and  Gaylesville  in  the  Coosa 
Valley. 

Fossil  ore  is  reported  in  Lookout  Mountain,  in  Dade  County,  and 
Iron  Ridge,  Walker  County,  in  Northwest  Georgia. 

In  the  Ohio  Valley  this  formation  carries  ore  in  Eastern  Ken- 
tucky and  Western  Virginia,  and  a  few  localities  in  Ohio.  In 
Kentucky  the  Clinton  ores  are  recognized  in  the  Red  River  iron 
region,  and  there  is  an  immense  deposit  in  the  Slate  Furnace  ore-bank 
in  Bath  County.  Excepting  this  locality,  it  is  not  extensively 
worked. 

In  West  Virginia  the  fossil  ore  is  known  to  occur  in  Mercer, 
Monroe,  Greenbrier,  Pendleton,  Hardy,  and  Grant  counties;  and  in 
some  of  these  localities  large  bodies  have  been  opened. 

The  most  important  deposit  of  fossil  ore  in  Ohio  is  at  Sinking 
Springs  in  Adams  County.  It  is  known  to  exist  at  Todd's  Ford, 
Clinton  County,  and  near  Zanesville,  Muskingum  County. 

In  Wisconsin  there  is  an  isolated  distinctive  outcrop  of  the  fossil 
ore  at  Hubbard  in  Dodge  County.  The  beds  here  are  of  unusually 
great  thickness  and  are  extensively  worked. 

Iron-ore  from  the  Lower  Helderberg  formation  and  from  the 
Oriskany  group  are  mined  in  Pennsylvania  in  Huntingdon,  Blair, 
and  Perry  counties.     These  ores  are  limonite.     The  Oriskany  in  the 
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Great  Valley  in  Virginia  lias  large  deposits  of  brown  hematite, 
partienlarly  in  Pulaski  and  Giles  counties.  Extensive  beds  in  tiie 
Oriskany  and  Upper  Helderberg  formations  are  opened  in  Paint 
Lick  Mountain,  Rii-h  NTountain,  and  Nye's  Cove,  in  Tazewell 
County;  in  Clinch  Mountain  and  Kent's  Ridge  in  Russell  County; 
in  Powell's  Mountain,  Clinch  Mountain,  Fossil  and  Big  Ridges,  in 
Scott  County ;  and  at  Bowling  Green  Forge  in  Lee  County. 

Some  of  the  limonites  in  the  central  district  of  Missouri  may  be 
the  equivalent  of  the  Upper  Silurian  in  age. 

AViiile  the  limonite  and  I'ed  hematite  both  occur  in  the  Upper  Si- 
lurian, the  most  persistent  ore-species  is  the  variety  which  is  named 
from  its  geological  horizon  the  Clinton  or  fossil  ore. 

Devonian. — The  Devonian  age  in  the  eastern  part  of  the  country 
was  marked  by  great  accumulations  of  shales  and  sandstones.  In 
the  valley  of  the  upper  Mississippi  there  were  limestones  mainly, 
and  there  is  a  remarkable  absence  of  iron- ores.  Iron  is  present  in 
most  of  the  rocks,  giving  them  their  color  and  to  the  formation  its 
name  of  Old  Bed  Sandstone.  A  single  locality  of  clay  iron-ore  is 
known  in  the  ]Marcellus  shale  near  Napanoch,  Ulster  County.  In 
the  Chemung  group  fossil  ores  are  mined  in  the  northern  part  of 
Pennsylvania  in  Bradford,  Tioga,  and  Lycoming  counties.  In  the 
Yellow  Creek  district  in  Blair  County,  and  on  the  affluents  of  the 
Juniata  in  Juniata  and  Perry  counties,  the  Marcellus  shale  carries 
ore  (limonite).  Carbonate  ores  are  w^orked  in  Huntingdon,  Bedford, 
and  Fulton  counties  in  the  Devonian  (Formation  VIII.  of  Rogers). 

Subcarboniferous. — In  Pennsylvania  in  the  shales  and  sandstones 
of  Formations  X.  and  XI.  (Subcarboniferous),  valuable  beds  of  both 
limonite  and  carbonate  ores  are  known.  In  the  Mauch  Chunk  red 
shale  carbonates  occur  at  Scrauton  ;  at  Ralston,  Lycoming  County ; 
in  Clearfield,  Cambria,  Huntingdon,  Somerset,  and  Fayette  counties. 

One  of  the  most  productive  districts  of  this  age  is  the  so-called 
Hanging  Rock  region  of  Kentucky  and  Ohio.  The  ores  are  both 
carbonates  and  limonites.  In  Kentucky  they  are  mined  in  Greenup, 
Boyd,  Carter,  and  Lawrence  counties,  and  in  the  northeast  part  of 
the  State,  from  the  Ohio  River  south  to  the  southern  part  of  Carter 
County.  Xorth  of  the  Ohio  River  and  in  the  southeastern  counties 
of  Ohio,  carbonates  are  rained  in  Washington,  Jefferson,  Holmes, 
Summit,  and  other  counties.  They  are  used  in  the  manufacture  of 
charcoal  iron,  chiefly  made  in  this  region,  near  the  mines. 

The  Xolin  River  district  in  Kentucky  also  belongs  to  the  Sub- 
carboniferous horizon.     The    ores  (carbonates    and  limonites)  are 
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known  to  occur  in  Edmondson,  Grayson,  Hart,  Butler,  and  Muhlen- 
berg counties,  near  the  base  of  the  Coal  Measures,  but  they  are 
largely  undeveloped.  In  the  Cumberland  River  iron  region  in  the 
western  part  of  the  State  limonite  occurs  in  bodies  of  irregular  shape 
on  chert  and  in  clay  on  the  St.  Louis  or  Subcarboniferous  limestones. 
The  deposits  are  of  uncertain  extent,  but  the  aggregate  of  ore  is 
immense  and  of  excellent  quality. 

In  West  A^irginia  the  Kanawha  Valley  is  reported  to  have  ores 
of  this  age,  but  as  yet  they  are  not  much  opened. 

Small  and  unimportant  occurrences  of  siderite  (or  carbonate  of 
iron)  and  of  limonite  are  known  in  Indiana,  Illinois,  and  Iowa.  In 
Missouri,  limonite  ore-banks  in  the  Upper  Osage  district  lie  upon 
the  Subcarboniferous. 

In  Arkansas,  siderite  is  reported  in  Franklin,  Pope,  Washington, 
and  Madison  counties — all  in  the  Subcarboniferous. 

Carboniferous. — The  ores  of  the  Carboniferous  age,  like  those  of 
the  preceding,  Subcarboniferous,  are  mainly  carbonate  and  limonite. 
The  former  are  probably  the  original  and  unaltered  beds,  while  the 
latter  appear  to  be  altered  outcrops.  Generally  the  beds  are  some- 
what concretionary  in  structure  and  thin,  and  interstratified  with 
shaly  strata.  The  more  earthy  variety  of  the  carbonate  is  known 
as  clay-iron-stone.  The  Carboniferous  iron-ores  are  confined  mainly 
to  Pennsylvania,  Ohio,  West  Virginia,  and  Kentucky.  In  Penn- 
sylvania the  carbonate  ore  occurs  in  all  the  coal-basins.  Brown 
hematites  abound  also  and  particularly  along  the  outcrop  of  the 
"  ferriferous  limestone,"  They  are  in  the  western  part  of  Indiana 
County,  in  Northern  Armstrong,  in  Clarion,  Jefferson,  Butler,  Law- 
rence, and  Beaver  counties,  and  in  large  beds.  Other  localities  which 
are  worked  are  in  Centre,  Clearfield,  and  the  coal  measures  territory 
of  the  southwestern  part  of  the  State.  No  mines  are  worked  in  the 
anthracite  coal  basins  of  the  State.  Black-band  ore  occurs  in  the 
coal  measures  at  Pottsville  and  in  the  Snowshoe  basin  in  Centre 
County. 

In  Maryland  siderite  is  reported  in  tw.o  or  three  localities,  in  the 
western  part  of  the  State,  in  Alleghany  County. 

In  West  Virginia  there  are  workable  beds  of  clay-iron-stone  in 
the  lower  coal  measures  and  lower  barren  measures  at  many  lo- 
calities, some  of  which  are  worked.  Black-band  ore  occurs  also  in 
Wayne,  Kanawha,  Fayette,  Nicholas,  and  Clay  counties. 

Next  to  Pennsylvania,  the  iron-ores  of  Ohio  which  occur  in  this 
horizon  are  most  extensively  developed.     The  ores  arc  limonite  and 
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clav-iron-stone.  They  are  opened  in  the  eastern  part  of  tliat  State 
and  in  the  Hocking  Valley,  between  Monday  Creek  and  Hocking 
River  in  Perry  Connty;  at  Bessemer  in  Athens  County;  also  in 
Muskingum,  Hocking,  Vinton,  Jackson,  Scioto,  and  Lawrence 
counties.  The  black-band  ore  i.s  mined  in  the  Tuscarawas  Valley 
and  in  Stark  and  Tuscarawas  counties. 

The  Hanging  Rock  region  of  Eastern  Kentucky  has  some  ores  in 
the  lower  coal  measures,  both  carbonates  and  limonites  and  inter- 
stratilied  with  the  coal  measures. 

In  Southern  Indiana  clay-iron-stone  occurs  in  thin  beds,  but  none 
of  them  are  worked,  although  in  close  proximity  to  the  celebrated 
block-coal  mines. 

Thin  seams  of  carbonate  of  iron  are  found  in  the  coal  measures 
of  Illinois,  in  Hardin,  Schu3'ler,  Crawford,  Edwards,  and  Wayne 
counties.  In  Missouri,  in  the  southwestern  part  of  the  State,  brown 
hematite  occurs  in  the  coal  measures.  Other  localities  in  the  same 
horizon,  but  of  carbonate  ores,  are  found  in  the  central  and  north 
central  districts.  In  Kansas  spathic  ores  are  reported  near  Fort 
Scott ;  on  the  Neosho ;  and  in  the  Marais  des  Cygnes  coal  measures. 

The  type-ore  of  the  Carboniferous  may  be  said  to  be  siderite,  or 
clay-iron-stone,  varying  by  oxidation  and  weathering  to  limonite,  or, 
by  an  accession  of  carbonaceous  or  coaly  matter,  to  black-band  ore. 
In  themselves  these  ores  are  neither  so  rich  nor  of  so  good  quality 
as  the  ores  of  older  geological  formations.  And  often  the  beds  are 
thin,  and  in  mining  them  much  rock  also  must  be  raised.  But  they 
are  so  near  to  the  fuel  that  they  can  be  used  with  profit,  and  hence 
are  the  basis  of  the  iron  manufacturing  of  several  districts  in  the 
Ohio  Valley. 

Triassic. — The  Triassic  rocks  are  noted  for  the  amount  of  iron 
oxide  distributed  through  the  mass  of  their  strata.  But  with  the 
single  exception  of  the  black-band  ore  at  Egypt  in  North  Carolina, 
in  the  coal  and  shale  series  of  the  Deep  River  belt,  no  mines  are 
opened  in  them. 

Cretaceous,  Tertiary,  Recent. — The  Cretaceous  and  Tertiary  forma- 
tions contain  numerous  deposits  of  bog-ores  and  limonites,  but  some 
of  them  may  belong  to  the  Recent  period,  particularly  the  bog-ores. 
In  Eastern  Maryland  there  are  large  beds  which  were  formerly 
worked ;  in  the  counties  bordering  the  Susquehanna  limonite  beds 
occur  with  the  clays  of  Cretaceous  age.  In  Delaware,  in  New  Castle 
County,  there  are  extensive  deposits  which  are  worked  for  local 
furnace-supply.     Throughout  the  Atlantic  coast  belt  the  deposits  of 
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ore  which  may  be  of  the  Tertiary  age  are  numerous  but  of  little 
economic  importance.  The  Western  iron  region  of  Tennessee  is 
perhaps  the  most  remarkable  of  these  more  recent  groups  of  iron- 
ore,  as  it  forms  a  belt  fifty  miles  wide  crossing  the  western  counties 
of  the  State  and  its  ores  are  of  excellent  quality  and  are  continuously 
mined  at  a  number  of  localities.  They  occur  in  irregular  lumps 
and  hollow  concretions  in  a  sandy  matrix  (the  "ore-region  gravel" 
of  SafFord).  The  localities  of  bog-ore  of  Recent  age  are  common 
almost  everywhere,  throughout  the  Atlantic  coast  border  and  in  the 
Gulf  States.  These  ores  arc  in  process  of  accumulation  and  depo- 
sition to-day. 
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BY  E.  J.    SCHMITZ,   NEW  YORK  CITY. 

The  following  abstract  of  an  unpublished  treatise,  prepared  by 
me,  on  the  geological  formations  and  minerals  of  the  State  of  Ala- 
bama, is  deemed  of  interest  to  the  Institute. 

This  State,  called  after  the  river  of  the  same  name  (which,  formed 
by  the  junction  of  the  Coosa  and  the  Tallapoosa,  waters,  with  its 
tributaries,  more  than  half  the  State),  is  divided  by  its  main  water- 
shed into  a  larger  southern  district,  sloping  south  and  southwest,  and 
drained  into  the  Gulf  of  Mexico,  and  a  smaller  northern  district, 
sloping  generally  north  and  west,  and  drained  into  the  Tennessee. 
Geologically  the  State  may  be  divided  (according  to  historical  geol- 
ogy) according  to  the  different  formations  it  exhibits,  among  which 
I  include  the  Azoic,  the  existence  of  which  in  Alabama  has  been 
doubted  by  some;  or  it  may  be  divided  (according  to  structural 
geology,  as  closely  related  to  topography)  into  a  north  and  north- 
western, a  middle,  and  a  southern  zone. 

I.  The  Northwestern  Zone. 
This  may  be  divided  into  the  Tennessee  Valley,  forty  to  fifty 


*  This  paper  was  presented  at  the  Roanoke  Meeting  by  Dr.  E.  W.  Raymond, 
and  was  read  by  title  under  his  name,  he  having  nndertal<en  to  prepare  it  for  pub- 
lication from  the  material  furnished  by  Mr.  iSchmitz.  But  Mr.  Schmitz  having 
been  elected  a  member  at  the  Roanoke  Meeting,  it  seems  better  to  print  the  paper 
now  as  coming  directly  from  liim. 
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miles  broad,  and  the  northern  part  of  the  Warrior  coal-field  with 
the  so-called  Kaccoon  and  Sand  iNfountain,  a  connecting  link  with 
the  Cumberland  coal-field  in  Tennessee.  The  Tennessee  Valley 
exhibits  the  Snbcarbonitbrons  rocks.  I  will  not  here  reproduce  at 
length  the  detailed  account  of  it  contained  in  my  longer  treatises. 
Of  the  brown  hematites  found  in  the  siliceous  group  of  its  rocks  I 
give  some  analyses  in  the  tables  below.  The  deposits  have  often  a 
thickness  of  over  30,  and  even  up  to  60  and  70  feet.  Near  AVest 
Point,  in  Lawrence  County,  in  Southern  Tennessee,  I  observed  de- 
posits of  the  last-named  thickness.  The  valley  contains  numerous 
caves  and  springs.  Kaoline  occurs  near  Iluntsville  ;  ferrocalcite 
east  of  Wilhite  Station,  in  Cullman  County,  and  mineral  tar  (as- 
phalt um)  and  ozocerite  (the  former  between  decomposed  sandstones, 
and  the  latter  included  in  the  former)  have  been  noticed  by  me  west 
of  Falkville  Station,  in  Morgan  County.  The  so-called  "  tar- 
spring,"  in  Lawrence  County,  discharges  with  its  water,  during  the 
summer  months,  a  mineral  tar,  which  seems  to  be  probably  the  pro- 
duct of  the  oxidation  of  petroleum.  The  occurrence  of  this  dis- 
charge in  the  summer  only  appears  to  be  the  result  of  the  tempera- 
ture, which  renders  the  substance  fluid.  But,  passing  lightly  over 
these  topics  at  present,  we  come  to  the  more  important  one  of  the 
coal-formation,  which  it  will  be  convenient  to  treat  wholly  under 
the  head  of 

II.  The  Middle  Zone. 

The  Alabama  coal-fields  are  undoubtedly  an  extension  of  the 
great  Appalachian  coal-field.  The  position  of  the  beds,  nearly 
horizontal  in  the  northwestern  part,  and  highly  tilted  in  the  more 
easterly  sections,  while  the  rocks  still  further  east,  outside  the  coal, 
stand  nearly  vertical,  corroborates  the  accepted  view  of  the  forma- 
tion of  the  Appalachian  chain  by  pressure  from  the  southeast  and 
from  below,  along  the  Atlantic  coast.  The  condition  of  the  rocks 
also  indicates  the  strongest  disturbing  and  altering  forces  to  have 
operated  from  the  eastward.  The  faults  in  that  section  are  much 
deeper,  going  down  to  the  Silurian  rocks,  while  in  the  westerly 
section  they  extend  only  to  the  Subcarboniferous. 

Going  from  east  to  west  we  have  the  following  valleys  determined 
generally  by  faults  and  anticlinals:  The  Coosa  valley,  dividing 
the  metamorphic  region  from  the  coal-field  of  Lookout  Mountain 
and  the  Coosa  coal-field;  Cahaba  valley,  dividing  the  Coosa  from 
the  Cahaba  coal-field;  Jones',  Roup's,  or  Will's  valley,  dividing 
the  Cahaba  from  the  Warrior  coal-field  in  the  southwest,  and  the 
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IxK)kout  mountain  from  Sand  and  Raccoon  ^Fountains  in  the  nortli- 
east ;  MurtVeos'  vallev,  dividing  parts  ot'tlie  Warrior  eoal-tiel<l  from 
Sand  Mountain  ;  and  Tennessee  valley  (the  northeastern  part), 
dividing  parts  of  the  Cumberland  coal-field  extending  into  Alabama 
from  Raccoon  Mountain.  This  gives  us  from  west  to  east  the  fol- 
lowing division  of  the  Alabama  coal-fields:  (1)  spurs  of  the  Cum- 
berland ;  (2)  the  ^^'arrior ;  (3)  the  Raccoon  and  Sand  mountains ; 
(4)  the  Lookout  Mountain ;  (5)  the  Cahaba ;  and  (G)  the  Coosa 
coal-fields. 

The  first,  third,  and  fourth  of  these  may  be  dismissed  with  a  few 
words.  The  spurs  of  the  Cumberland  Mountain  in  Alabama  may 
contain  in  parts  one  or  two  workable  coal-seams  of  from  two  to  four 
feet  in  about  500  feet  of  coal-measures.  Portions  of  the  Raccoon  and 
Sand  mountains  may  contain,  in  600  to  700  feet  of  coal-measures, 
two  or  three  workable  seams  from  two  to  four  feet  thick.  In  the 
southern  end  of  Sand  mountain,  between  Jones'  valley  and  Mur- 
frees'  valley,  I  think  the  same  veins  occur  as  I  found  in  that  part 
of  the  Warrior  field  west  of  Murfrees'  valley.  I  noticed  here  (in 
St.  Clair  County)  a  vein  five  feet  thick  having  the  characteristics  of 
the  Upper  Newcastle  vein  of  the  Warrior  field.  The  Lookout  Moun- 
tain in  Alabama  contains,  so  far  as  known,  in  600  to  700  feet  of 
coal-measures,  only  one  workable  vein,  two  and  a  half  to  three  feet 
thick.     This  has  been  opened  in  De  Kalb  County. 

Tlie  Warrior  Coal-Jicld. — This  has  the  form  of  an  equilateral  tri- 
angle, and  is  divided  into  a  plateau  or  highland  (which  forms  the 
northern  and  northeastern  region  of  the  field),  and  the  basin  proper. 
The  northern  or  northeastern  part  is  again  divided  by  Brown's  valley 
into  a  northern  and  a  southern  division.  The  basin  proper  extends 
more  to  the  southwest. 

The  whole  area  of  the  Warrior  field  is  about  5000  square  miles, 
extending  over  the  whole  or  parts  of  Marshall,  Blount,  Cullman, 
Winston,  Morgan,  Lawrence,  Franklin,  Marion,  Walker,  Fayette, 
Jefferson,  and  Tuscaloosa  counties.  The  northern  division  of  the 
plateau  of  the  Warrior  field  extends  over  parts  of  Morgan,  Marshall, 
Cullman,  Blount,  and  W^inston  counties;  the  southern  over  parts 
of  Blount,  Marshall,  and  Jefferson. 

In  the  northern  part  of  the  plateau  no  workable  coal-bed  has  yet 
been  discovered.  A  vein  of  about  2  feet  is  exposed  in  Morgan 
Oounty,under  a  high  bluff  on  the  mountain  side,  rising  700  to  800  feet 
above  the  limestone  valley  ;  but  this  vein  seems  not  to  extend  further 
south.    The  coal-measures  represent  here  500  to  600  feet.    Towards 
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the  southwestern  extremity  of  this  division  the  measures  increase  in 
thickness  and  show  two  workable  veins  of  about  2J  feet.  The  area 
of  this  division  is  about  750  square  miles.  The  southern  division 
of  the  highland  covers  about  250  square  miles,  and  contains  three  or 
four  workable  beds,  with  a  thickness  varying  from  2J  to  3J  feet  in 
about  700  to  900  feet  coal-measures. 

The  basin  proper,  which  includes  the  southwestern  and  the 
greater  part  of  the  w^estern  field,  contains  about  4000  square  miles. 
That  part  of  the  basin  proper  which  is  the  extension  of  the  southern 
division  of  the  plateau  contains,  so  far  as  known,  on  an  area  of  about 
150  square  miles,  in  about  1000  feet  of  coal-measures,  four  or  five 
workable  veins,  in  thickness  from  2J  to  4  feet.  Further  south, 
west,  and  northwest,  in  Jefferson  County,  and  not  far  from  the 
Southern  and  Northern  Alabama  Kailroad,  the  coal  measures  in- 
crease to  about  1800  to  2000  feet,  and  the  workable  veins  of  coal  to 
nine  in  number.  The  most  important  vein  among  these  shows  a 
thickness  of  from  4  feet  8  inches  to  6  feet,  and  has  only  one  shale- 
parting,  with  about  four  feet  of  coal  in  the  upper  bench.  This  seam 
is  the  so-called  Brown,  Pratt,  or  Coketon  seam,  and  is  now  worked 
by  three  different  companies — the  Pratt,  the  Milner,  and  the  Wood- 
ward Furnace  companies. 

The  extension  of  the  Pratt  vein  has  not  yet  been  ascertained. 
There  exist  different  opinions  about  the  identity  of  similar  coal 
veins  occurring  in  other  localities  in  the  basin.  My  opinion  is  that 
so  far  as  now  can  be  seen,  the  Pratt  vein  underlies  an  area  of  about 
150  to  175  square  miles;  but  I  have  no  doubt  that  by  closer  exami- 
nation in  the  southern  portion  of  the  basin  this  area  may  be  shown 
to  be  greater. 

The  following  approximate  sections  of  the  basin,  west  of  Birming- 
ham, will  show  the  relations  of  the  field.  I  have  numbered  the 
workable  veins. 

General  Section  of  the  Warrior  Coal-field  about  Ten  Miles  West  of 

Birmingham. 

FEET.         INCHES 

1.  Soil,  drift,  and  coal-measures,  containing  some  small  seams  of 

coal, 350 

2.  Coal  (Pratt,  Coketon,  or  Brown's  seam).  No.  I.,      4  ft.    8    in.  to  6 

3.  Interval, 20  ft.               to  22 

4.  Coal,  small  seam, 1  ft.    4    in.  to  1                -G 

5.  Interval,      ...........  28                6 

!2  feet  coal,  -j 

2  feet  clay,  [■  No.  II.,     ....  6 
2  feet  coal,  i 
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12.  Coal-scams,  Newcastle, - 


7.  Interval,  containing  some  small  seams  of  coal,    ISO  ft.  (o 

8.  Coal-seam,  No.  Ill 2i  ft.  to 

9.  Interval 180  ft.  to 

10.  Coal-seam,  No.  IV., 2i  ft.  to 

11.  Interval, 

Newcastle  upper  vein 

(slaty),    .        .  4^  ft.  to 

Interval,     .         .  10  ft.  to 

Newciistle,  lower  vein 

(little  better),  .        .        .        . 

Interval,      ........... 

Coal,  small  vein, 

Black band,  

r  1   at  Newcastle  ==  3  ft.  ~| 

Coal,  dirty  seam,   i  Coal  ^  1  ft.  5  in.,  i     6in.;  near  Warrior  i 

in  some  places  \  Slate  =  8  in.,  j-     Station  =  4    ft.   8  j- 

workable,  Coal  =1  ft.  5  in.,  j     in..   No.  V.,  3   ft. 

L  J     6  in.,         .  to 

Interval, 


FEET.  INCHES 

220 

3 

190 

3 

25 

6 
13 


13. 
14. 
15. 

16. 


4 

20 

1 

1 


17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 

41. 


.  15  ft. 


to 


Conglomerate, 

Coal . 

Interval, 

Coal,  good, 

Interval,      ........... 

Coal,  Jefferson  vein  (two  benches).  No.  VI., .  3  ft.    3  in.  to 

Interval,      .  28  ft.  to 

Coal,  very  good.  Black  Creek  vein,  No.  VII.,     .         .        .        . 

Interval, 40  ft.  to 

Cannel  coal  and  blackband.     It  exists  only  over  a  small  area, 
Interval,      .......  J  ft.  to 

Coal,  good,  "Warrior  vein  (2  benches).  No.  VIII.,    2  ft.  9  in.  to 

Interval, 

Coal 

Interval, 

Coal 


Interval, 
Coal,  hard, 
Interval, 
Coal.  . 


10 
6 


Interval, 

Coal,  good,  No.  IX.  ? 

Interval   to  the  Conglomerate,  containing  some  small   veins, 

250  ft.  to 

Conglomerate, 100  ft.  to 

Total, 1800  to  2000ft. 


25 

20 

1 

6 

81 

10 

1 

6 

40 

4 

30 

2 

9 

80 

2 

4 

4 

3 

6 

20 

5 

1 

8 

7 

6 

2 

2 

295 

6 

1 

6 

17 

1 

4 

12 

2 

6 

300 

150 

The  data  for  the  above  are  the  different  profiles  or  sections,  which 
I  have  partly  measured  myself,  and  the  boring  results  in  different 
locations  of  the  field  (published  in  Professor  Smith's  Reports). 
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It  will  be  seen  that  the  nine  workable  veins  of  this  section  contain 
in  the  atjocrea-ate  about  30  feet  of  coal,  which  would  be  increased  to 
about  40  feet  if  the  coal  of  the  Newcastle  vein  could  be  cleared  from 
slate.  If  the  Newcastle  veins  are,  as  they  seem  to  be,  identical  with 
some  of  the  larger  veins  of  Walker  County,  they  have  changed  in 
character,  since  the  Walker  County  veins  show  purer  coal,  but  con- 
tain, nevertheless,  a  number  of  slate-partings,  which  leave,  as  far  as 
my  knowledge  goes,  nowhere  more  than  3J  to  4  feet  of  coal  in  one 
bench. 

As  a  maximum,  in  any  coal-vein  which  could  be  observed,  I 
found  about  5|  to  6  feet  of  good  coal,  and  in  one  bench  about  A\  feet. 

Some  veins  known  in  the  southern  division  of  the  basin  show  a 
thickness  of  5  to  6  feet  in  Tuscaloosa  County,  and  are  considered  to 
overlie  the  Pratt  vein  ;  but  this  opinion  is  not  yet  sufficiently  proved. 

The  above  approximate  section  of  the  Warrior  basin,  west  of 
Birmingham,  differs  from  the  general  profile  of  Professor  Smith, 
State  Geologist  of  Alabama,  in  the  following  points  (see  his  Report 
of  1881): 

1.  While  Professor  Smith  gives  about  900  feet  between  the  Pratt 
vein  and  the  Newcastle  vein,  my  section  gives  only  460  to  470  feet. 

2.  The  interval  between  the  Black  Creek  vein  and  the  Warrior 
vein  is,  in  Professor  Smith's  profile,  given  as  from  270  to  280  feet, 
and  in  my  profile  as  from  40  to  80  feet.  I  obtained  this  dis- 
tance by  measurement  of  the  dip  of  the  coal-measures  north  of 
the  Locust  fork  of  the  Warrior  near  Warrior  Station  (where  the 
Black  Creek  vein  and  the  Warrior  vein  crop  out  within  a  distance 
of  half  a  mile),  and  measurement  of  the  elevation  with  an  aneroid 
barometer  (which  always  proved  very  accurate).  I  may  remark  here 
that  the  Warrior  vein  shows  at  Warrior  Station,  at  Pierce's  northern 
mines,  and  at  Hoehne's  mine,  2  feet  4  inches  of  blackband-ore  4  feet 
above  the  vein ;  but  only  a  quarter-mile  further  south,  at  Pierce's 
southern  mines,  the  blackband  is  but  a  few  inches  thick,  and  lies 
right  on  top  of  the  vein.  This  justifies  the  opinion  that  the  ore 
soon  gives  out  entirely,  which  would  correspond  with  the  fact  that 
the  Warrior  vein,  "  with  the  characteristic  blackband-ore,"  could  be 
found  at  no  other  locality  of  the  coal-field  except  near  Warrior 
Station.* 

*  The  position  of  the  Warrior  vein  rehitively  to  the  Black  Creek  vein  has  always 
been  uncertain,  as  the  Warrior  vein  is  known  only  near  Warrior  Station,  and  no 
section  is  known  to  me  whicli  shows  the  two  veins.  The  boring  near  Morris 
Station,  a  few  miles  south  of  Warrior  Station,  did  not  strike  the  Warrior  vein, 
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8.  By  the  above-named  diflorences  between  Professor  Smith's 
section  and  my  own,  in  regard  to  the  measnres  between  the  Pratt 
vein  and  the  Newcastle  veins,  on  the  one  hand,  and  the  Black  Creek 
and  the  Warrior,  on  the  other  hand,  the  thickness  of  the  coal- 
measures  from  the  Pratt  vein  down  is  made  to  differ,  being  about 
2500  feet  in  Professor  Smith's  report  and  about  1500  to  1700  feet 
in  my  section. 

4.  We  differ  as  to  the  number  and  thickness  of  the  veins  between 
the  Pratt  vein  and  the  Newcastle  veins. 

5.  Professor  Smith  gives  only  one  vein  of  5  to  6  feet  at  Newcastle 
(Newcastle  vein),  while  there  exist  two,  an  upper  vein  of  4|  to  6 
feet,  and  a  lower  vein  of  4|  feet,  with  an  interval  of  10  to  13  feet. 
This  corresponds  with  the  so-called  Calvary  Williams  vein,  on  Vil- 
lage Creek,  which  is  thought  to  be  identical  with  the  Newcastle  veins. 

Of  the  above-mentioned  coal-veins,  the  following  have  been  tried 
for  coking  purposes,  and  have  proved  to  give  good  coking  coals, 
viz.:  The  Pratt,  Black  Creek,  and  Warrior  veins,  and  also  the  coal 
from  the  Newcastle  upper  vein  (after  washing).  Thus,  of  the  five 
veins  worked  in  the  Warrior  field,  the  coal  of  four  has  been  tested 
and  found  suitable  for  coke.  I  give  here  the  analyses  of  the  cokes 
from  two  of  these  different  veins,  and  annex  some  analyses  of  cokes 
from  other  bituminous  coals  from  the  Cahaba  field  and  from  other 
States : 


No. 


Coke  from  Pratt  vein 

Coke  from  Pratt  vein 

Coke  from  Pratt  vein 

Coke  from  Pratt  vein 

Coke  from  Pratt  vein 

Coke  from  Pratt  vein 

Coke  from  Newcastle  upper  vein  (washed) 

Coke  from  jEtnavein  (Tennessee) 

Coke  from  black  shnle  vein  (Cahaba) 

Coke  from  Helena  vein  (Cahaba) 

Coke  from  Connelsville  (Pennsylvania) 

Coke  from  Elkhom  Creek 


Jefferson. 


Jefferson, 
Pike. 


a 

a 
o 

oj 

m 

t-i  . 

o 

3 

>> 

"5 

a 
< 

.22  > 

o 

Oxm.F. 

86.110 
89.110 
87.000 

13.440 
10.890 
13.000 

" 

0.530 

88.730 

0.810 

9.930 

" 

0.600 

85.800 

1.080 

13.396 

" 

0.1  ()0 

93.010 

0.575 

6.830 

Gesner. 

0.2K0 

85.430 

0.160 

14.130 

" 

0.670 

82.310 

0.840 

16.180 

Hough. 

4.290 

89.910 

6.530 

" 

1.200 

81.900 

0.535 

16.250 

0.420 

86.410 

0.270 

12.870 

0.060 

94.ai0 

0.788 

5.600 

notwithstanding  the  hole  extends  more  than  100  feet  below  the  Black  Creek  vein. 
I  have  nauch  evidence  to  show  that  the  Warrior  vein,  near  Warrior  Station,  cannot 
be  so  far  as  that  below  the  Black  Creek  vein.  There  are  only  two  possibilities, — 
either  the  Warrior  vein  gives  out  further  south,  or  the  Warrior  vein  and  the  Black 
Creek  vein  are  identical.  I  give  in  my  section  the  interval  between  the  two  veins, 
according  to  my  measurements  and  calculations,  having  to  accept  one  of  these 
alternatives. 
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In  analyses  Nos.  5,  6,  and  10  of  the  above  table,  the  constituents 
of  the  ash  are  determined  as  follows: 


-o 

01 

o 

oj 

cS 

< 

c3 

a 

< 

'A 
O 

G 

w 

d 

•A 

M 

2 

a 

3 

03 

03 
I 

13 
O 
CO 

o 

Oh 

o 
H 

5 

6.700 

3.5% 

2.590 

0.260 

0.150 

trace. 

trace. 

0.100 

13.396 

6 

3.000 

1.870 

1.530 

6.400 

10 

9.330 

4.060 

1.610 

0.400 

0.250 

trace. 

trace. 

16.250 

The  ash  of  No.  12  is  reported  to  be  brownish-red. 

As  to  the  constitution  of  the  coal  of  the  Warrior  field,  I  have 
compared  a  considerable  number  of  analyses  made  for  private  owners, 
or  published  in  Professor  Smith's  report,  and  find  the  principal 
elements  to  range  as  follows  in  percentage : 


Volatile 

Fixed 

Sulphur. 

Moisture. 

Combustible. 

Carbon. 

Ash. 

From 

.    0.36 

0.27 

15.29 

44.52 

1.90 

To      . 

.     3.07 

7.28 

38.08 

79.22 

26.36 

Average     . 

.     0.65 

2.25 

31.25 

58.50 

7.50 

It  should  be  remarked  that  most  of  these  samples  came  from 
outcrops,  and  that  the  averages  are  not  what  might  be  expected 
from  fairer  samples. 

Concerning  the  blackband-ore,  found  in  the  Warrior  coal-field, 
one  vein  above  the  Warrior  vein,  north  of  Warrior  station,  and  the 
other  at  Newcastle,  I  remark  that  the  former  contains  only  about 
,21  per  cent,  metallic  iron  and  40  per  cent,  of  bituminous  coal,  while 
the  latter  contains  35  per  cent,  of  iron,  and  when  roasted  55  per 
cent.  Both  ores  have  been  roasted  and  used  in  the  blast-furnace, 
the  ore  from  the  Warrior  vein  with  but  very  little  success.  This 
ore  contains  so  much  bituminous  coal  that  it  was  found  difficult  to 
regulate  the  temperature  necessary  for  the  roasting  process.  The 
heat  produced  was  mostly  so  high  that  a  partial  melting  and  sinter- 
ing was  the  result,  which  produced  large  and  heavy  lumps  not  fit 
for  use  in  the  furnace.  This  blackband-ore,  it  is  said,  should  be 
mixed  with  brown  ores,  which  have  to  be  roasted,  to  keep  the  tem- 
perature down,  and,  on  the  other  hand,  save  the  fuel  otherwise 
necessary  for  the  brown  ore. 

The  Cahaba  Coal-field. — This  field  is  separated  from  the  Warrior 
field  by  the  long  valley  called  Jones',  Roup's,  and  Will's  valley,  and 
extends  from  northeast  to  southwest  for  about  50  miles,  with  a  width 
of  3  to  10  miles,  the  widest  part  being  in  the  southwest.     It  covers 
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about  250  square  miles,  includiug  parts  of  St.  Clair,  Jefferson, 
Shelby,  aud  Bibb  counties.  The  Cahaba  coal-field  has  a  monoclinal 
formation,  with  a  considerable  dip  to  the  southeast.  In  the  south- 
western part  of  the  field,  as  well  as  in  the  southeastern  part,  this  dip 
increases  from  the  western  side  towards  the  eastern,  so  that  while 
the  dip  shows  along  the  western  edge  of  tiie  field  not  more  than  5° 
to  lO'',  it  has  increased  on  the  eastern  edge  to  from  40°  to  vertical. 
In  the  middle  portion  of  the  field,  where  the  S.  and  N.  R.R.  crosses 
it,  the  measures  are  folded  and  crushed.  Along  the  southern  edge 
of  the  field  we  pass  immediately  from  the  coal-measures  to  the  Lower 
Silurian  rocks,  which  also  dip  in  the  same  direction.  This  is  the 
great  fault  first  mentioned  by  Mr.  R.  P.  Rothwell.  The  Cahaba 
coal-field  shows  two  well-defined  series, — one  in  the  southwestern 
field,  near  Montevallo,  and  the  other  about  20  miles  further  north- 
east. The  upper  .•series  is  called  by  Rothwell  the  Montevallo  series, 
contains  four  beds  from  2  to  4  feet  thick,  and  spreads  over  about 
one-third  of  the  entire  field.  The  lower  series  shows,  according  to 
Rothwell,  near  Four  Mile  Creek,  which  is  in  the  southwestern  part 
of  the  field,  eight  veins  from  2  to  8  feet  thick.  Further  northeast, 
on  the  line  of  the  S.  and  N.  R.R.,  which  traverses  the  field,  the 
lower  or  Cahaba  River  group  contains  about  fourteen  veins,  with 
seven  workable  veins,  in  about  2000  feet  of  coal-measures.  Of  the 
non-workable  veins  it  may  be,  however,  that  some  may  prove  to  be 
identical,  which  would  reduce  the  number  of  veins. 

The  following  are  the  workable  veins  on  the  S.  and  N.  R.R.  in 
the  order  of  superposition  : 

FEET.      INCHES. 

1.  Helena  seam, 4  0 

2.  Conglomerate  seam, 3  feet  to  3  6 

3.  Black  shale  or  McGinnis  sgam, 2  6 

4.  Buck  seam, 3  6 

6.  Shute  seam  (with  one  parting),      .       3  feet  6  inches  to  4  0 

6.  Cahawba  seam  or  Wadsworth  seam  (?),  ...     3  0 

7.  Gould  seam, 3  6 

Aggregate  thickness, 23  to  24  feet. 

While  the  veins  in  the  middle  part  of  the  field,  where  the  S.  and 
N.  R.R.  crosses,  are  crushed  together  and  show  a  minimum  thick- 
ness with  not  over  4  feet  of  coal,  we  see  in  the  southern  part  of  the 
field  the  veins  increasing.  Also  further  northeast  from  the  S.  and 
N.  R.R.  we  find  in  the  northeastern  part  of  the  field  the  veins 
thicker  than  in  the  middle  part;  and  about  25  miles  northeast  from 
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the  S.  and  N.  R.R.  six  or  seven  workable  veins  are  shown,  with  a 
thickness  of  from  2|  to  12  feet,  showing,  however,  in  the  Big  (12 
feet)  vein  not  more  than  5|  to  6  feet  of  clear  coal.  The  productive 
coal-measures  here  may  represent  a  thickness  of  2000  to  2500  feet. 
An  identification  of  the  different  veins  in  the  different  parts  of  the 
field  has  not  yet  been  attained. 

I  will  call  attention  here  to  the  probability  of  tracing  veins  from 
the  Warrior  over  into  the  Cahaba  field.  I  have  traced  a  vein, 
very  similar  to  the  upper  Newcastle  vein,  from  the  opposite  side 
of  the  southern  part  of  the  plateau  of  the  Warrior  field  (between 
Brown  and  Murfrees'  valleys)  over  to  the  southern  extremity  of 
the  Sand  Mountain  coal-field,  between  Jones',  Roup's,  and  Will's 
valley  and  Murfrees'  valley.  This  vein  has  all  the  characteristics 
of  the  upper  Newcastle  vein.  As  the  different  coal-fields  in  Ala- 
bama before  the  formation  of  the  anticlinals  must  have  formed  one 
undivided  field,  it  should  be  possible  to  connect  the  veins  of  the 
now  divided  fields.  The  Newcastle  veins,  which  have  been  formed 
in  the  Warrior  field  over  an  area  more  than  50  miles  in  leno;th, 
seem  to  be  particularly  adapted  to  this  purpose.  Later  investiga- 
tions and  study  of  the  northwestern  part  of  the  Cahaba  coal-field 
may  probably  connect  the  big  (12  feet)  seam  in  the  Cahaba  with 
the  Newcastle  veins. 

From  a  number  of  analyses  of  coal  from  the  Cahaba  field, 
selected  by  myself  and  collected  from  private  examinations  and 
Mr.  Rothwell's  table,  I  find:  Sulphur,  from  0.08  to  2.80  per  cent., 
with  an  average  of  0.55  per  cent.;  moisture,  from  0.30  to  2.55  per 
cent.,  with  an  average  of  1.85  per  cent. ;  volatile  combustible  matter, 
from  27.04  to  37.50  per  cent.,  with  an  average  of  32.00  per  cent.; 
fixed  carbon,  from  57.23  to  66.58  per  cent.,  with  an  average  of  62.00 
per  cent.;  ash,  from  1.09  to  9.12  per  cent.,  M'ith  an  average  of  3.25 
per  cent.  By  comparing  the  average  figures  from  the  Warrior  and 
the  Cahaba,  we  find  that  the  latter  is  the  purer  coal.  Three  or 
four  of  the  coals  from  the  Cahaba  coal-field  have  been  tried  with 
success  for  coking  purposes;  others  are  dry-burning  coal. 

As  the  measures  of  the  Cahaba  coal-field  mostly  dip  at  large 
angles  (the  dip  in  the  southwestern  part  of  the  field  is  from  5°  to 
10°  on  the  western  side,  increasing  towards  the  eastern  side  to  from 
40°  to  nearly  vertical,  and  in  the  middle  and  northern  part  also 
changes  from  5°  to  vertical),  mining  in  the  Cahaba  coal-field  is 
more  difficult,  and  cannot  be  done  above  water-level  with  natural 
drainage,  as  is  the  case  with  a  good  deal  of  the  coal  in  the  Warrior 
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field.  But  the  area  in  the  Warrior  fiehl  which  coukl  be  worked 
above  water-k^vel  is  not  as  large  as  I  have  found  it  in  other  parts  of 
the  Great  Appalachian  coal-field,  as,  for  instance,  in  the  Cumberland 
field  in  Virginia  and  Kentucky.  In  about  one-third  of  the  area  of 
the  Warrior  coal-field,  where  workable  veins  are  known,  some  of 
the  veins  can  be  worked  above  water-level. 

The  Coosa  Coal-ficId. — This  lies  east  of  the  Cahaba  field,  along 
which  it  extends  from  northeast  to  southwest  for  about  40  miles,  and 
includes  parts  of  St.  Clair  and  Shelby  counties.  This  part  of  the  coal- 
formation  west  of  the  Cahaba  field  shows  on  the  geological  map 
of  Alabama  a  width  of  6  to  10  miles,  parted  by  an  anticlinal  into  two 
parts  for  nearly  its  entire  length  ;  but  it  seems  that  only  the  eastern 
part  bears  the  name  of  Coosa  Coal-field,  as  Prof.  Smith  gives  the  area 
of  this  field  as  only  100  square  miles,  while  the  whole  area  of  this 
coal-formation  is  about  twice  as  large.  Very  little  has  been  done 
in  developing  this  field.  Three  or  four  workable  veins  are  known, 
which  show  a  thickness  of  from  2J  to  4  feet. 

The  Silurian  ^\^Hcys. — I  have  mentioned  above  the  different  Silu- 
rian valleys,  which  lie  between  the  different  coal-fields.  The  Coosa 
valley,  which  is  the  largest  and  most  easterly  division  of  the  Silu- 
rian formation,  is  a  continuation  of  the  great  Appalachian  valley 
extending  from  Pennsylvania  downwards  to  Alabama.  This  valley 
makes  connection  westwards,  around  Coosa  and  Cahaba  coal-fields 
with  the  Cahaba  valley,  Jones',  Roup's  and  Will's  valley  (of  which 
latter  Murfrees'  valley  may  be  called  a  northeastern  extension),  and 
is  very  rich  in  brown  hematite  or  limonite  ore.  The  Coosa  valley 
proper  is  a  monoclinal  valley,  and  is  formed  mostly  by  the  lower  Si- 
lurian rocks,  chiefly  the  Acadian,  Potsdam,  Quebec,  and  Chazy 
groups  (Dana),  while  the  Upper  Silurian  rocks  are  only  found  in  little 
spots  (as  for  instance  the  Clinton,  near  Columbiana).  In  the  other 
Silurian  valleys,  Cahaba  valley,  Jones',  Roup's  and  Will's  valley, 
and  Murfrees'  valley,  which  are  anticlinal  valleys,  both  the  Upper 
and  Lower  Silurian  rocks  are  found  together;  but  still  the  older 
rocks  predominate.  The  Quebec  group  in  these  valleys  is  the  bearer 
of  very  valuable  brown  hematite  deposits  of  great  extent,  sometimes 
hidden  in  clay,  sometimes  laid  bare  along  the  ridges  or  found  in 
hard  quartzose  rock.  These  deposits  of  brown  ore  show  sometimes 
a  thickness  or  depth  of  20,  30,  40  and  more  feet,  and  are  mined  in 
the  Coosa  valley  in  Talladega,  Shelby,  Bibb  and  other  counties.  As 
I  have  mentioned  above,  the  Upper  Silurian  rocks  are  found  in  Coosa 
valley  in  little  spots  only,     A  small  area  of  the  Clinton  group,  con- 
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taining  the  Clinton  or  Red  ore,  is  known  near  Columbiana,  Shelby- 
County. 

On  the  western  side  of  Coosa  valley  the  Lower  Silurian  rocks  are 
brought  in  contact  with  the  Coal-measures,  which  in  the  southern 
part  are  brought  to  the  same  level,  making  a  fault  of  about  10,000 
feet,  as  Mr.  Rothwell  first  pointed  out.  Further  north  along  the 
fault,  the  Acadian  and  Potsdam  rocks  can  be  seen  next  to  the  Coal- 
raeasures  at  many  points.  Southeast  of  this  fault,  we  find  the  Quebec 
group  nearly  through  the  entire  valley.  About  in  the  middle  of  the 
valley,  and  near  the  Selma,  Rome  and  Dalton  R.R.,  is  a  group  of 
hills  and  mountain  knobs,  forming  a  broken  line  running  from 
northeast  to  southwest.  These  hills  are  formed  of  rock  older  than 
the  Quebec  group — partly  Calciferous,  but  mostly  Potsdam  sand- 
stone.    They  represent  a  small  fault  in  the  formation  of  the  valley. 

The  rocks  of  the  Coosa  valley  dip  mostly  to  the  S.  E.  at  high  angles. 
The  valley  extends  from  Georgia  into  Shelby  County,  and  makes 
connection  around  the  Coosa  and  Cahaba  coal-fields  with  the  Ca- 
haba  valley  in  Bibb  County.  It  covers  the  following  counties  or 
parts  of  counties:  Cherokee,  Etowah,  St.  Clair,  Calhoun,  Talladega, 
Shelby  and  Bibb,  and  extends  from  the  Georgia  line  in  a  south- 
western direction  for  about  80  to  90  miles  in  length  and  about  30  to 
40  miles  in  width. 

The  Cahaba  valley  is  only  a  few  miles  broad,  and  is  an  anti- 
clinal valley.  But  on  the  eastern  side  of  the  valley  there  exists  a 
fault  similar  to  that  in  the  Coosa  valley,  which  brings  the  lower  Si- 
lurian up  to  the  surface  and  in  contact  with  the  Subcarboniferous 
rocks.  Fragments  of  the  Clinton  group  are  occasionally  found  here. 
The  rocks  of  the  Quebec  group  mostly  form  the  floor  of  the  valley, 
and  contain  here  also  deposits  of  brown  hematite-ore  of  great  extent. 
On  the  east  side  of  the  Cahaba  valley  we  pass  successively,  going 
eastward  and  geologically  upward,  the  Quebec,  Chazy,  Trenton, 
fragments  of  the  Clinton,  fragments  of  Devonian  (black  shale)  and  the 
Subcarboniferous  limestone,  which  rocks  however  do  not  show  the 
thickness  which  has  been  noticed  further  north  in  Pennsylvania,  etc. 

The  Jones',  Roup's  and  Will's  valley  is  the  long  valley  dividing  in 
its  lower  part  the  Cahaba  from  the  Warrior  field,  and  in  its  north- 
ern part  the  Cahaba  and  Lookout  Mountain  field  from  the  so-called 
land  mountain.  This  valley  is  from  6  to  10  miles  wide,  and  ex- 
tends from  the  Georgia  State  line  southwestwards  into  Tuscaloosa  and 
Bibb  county,  Alabama,  having  a  length  of  about  120  miles.  The 
Jones',  Roup's  and  Will's  valley  is  also  an  anticlinal  valley,  in  which 
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the  rocks  of  the  Quebec  group  form  the  floor,  wliile  we  find,  going 
to  both  eilges,  successively  the  higher  iSilurian  rocks,  Quebec,  Chazy, 
Trenton,  Clinton,  the  Devonian,  the  Devon  black  shale,  and  the  Sub- 
carboniferous  limestone,  followed  by  the  Coal-measures,  It  is  char- 
acteristic for  this  and  the  Murfrecs'  valley,  that  we  find  on  both 
sides  of  the  valley  the  Clinton  or  Red  mountain  group,  containing 
the  red  fossiliferous  ore,  while  in  the  middle  of  the  valley  between 
the  Red  mountains  the  brown  hematite-ore  is  found  in  the  older 
rocks.  In  the  southwestern  part  of  the  valley,  we  find  the  strata  all 
dipping  towards  the  southeast ;  therefore  the  rocks  of  the  anticlinal 
must  have  been  turned  over  to  the  west,  producing  a  sharp  fold. 
In  the  northern  part  of  the  valley  we  find  the  regular  anticlinal 
formation,  the  older  rocks  dipping  on  both  sides  under  the  Coal- 
measures,  In  the  lower  Murfrees'  valley,  however,  we  find  again 
such  a  folding  and  pushing  of  the  strata  to  one  side,  but  here  to  the 
southern  side  of  the  valley,  causing  the  rocks  to  dip  towards  the 
northwest. 

The  Clinton  group,  bearing  the  Clinton  or  fossiliferous  ore,  occurs, 
by  reason  of  the  anticlinal  formation  noticed  through  the  entire  valley 
in  two  different  exposures  or  Red  mountains,  a  western  and  an  east- 
ern. The  eastern  Red  Mountain  is  the  most  important,  as  showing 
a  greater  thickness  of  the  red  ore,  and  can  be  seen  the  entire  length  of 
the  valley,  along  the  western  edge  of  the  Cahaba  coal-field,  some- 
times 100  feet  above  the  floorof  the  valley,  sometimes  as  high  as  400 
to  500  feet.  The  western  horizon,  which  can  be  noticed  in  some 
places  in  the  southern  valley,  disappears  in  the  middle  portion  of 
the  valley  in  Jefferson  County  and  makes  its  appearance  again  about 
ten  miles  northeast  of  Birmingham,  and  a  few  miles  east  of  New 
Castle  Station,  coming  in  nearly  direct  contact  with  the  Coal-meas- 
ures of  the  Warrior  field.  The  eastern  Red  Mountain,  crossing  the 
Alabama  S.  &  N.  R,  R.  at  Grace's  Gap,  turns  in  a  northeastern 
direction  and  follows  for  a  few  miles  up  along  the  edge  of  the  Ca- 
haba coal-field,  while  the  western  ridge  follows  within  a  mile  of 
the  AVarrior  field.  Further  north,  and  near  the  southern  extremity 
of  the  Sand  Mountain,  the  Eastern  INIountain  gets  more  irregular  in 
its  contours,  showing  chiefly  a  chain  of  high  mountains  and  knobs. 
Around  the  Sand  Mountain  another  exposure  of  the  Clinton  group 
occurs,  branching  off"  northwest  and  northeast  around  the  Sand 
Mountain  and  forming  in  Murfrees'  valley  the  easternmost  occur- 
rence of  this  group,  and  in  the  valley,  between  Sand  Mountain  on 
one  side  and   Cahaba   coal-field   and   Lookout  Mountain  on   the 
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other  side  (which  is  the  northeast  extension  of  Jones',  Roup's,  and 
Will's  valley),  its  westernmost  occurrence.  The  thickness  of  the 
strata  or  veins  of  the  red  ore  in  the  Clinton  group  varies  very  much. 
While  the  ore  in  the  Clinton  group  in  Pennsylvania  does  not  show 
more  than  about  two  feet,  the  thickness  of  the  strata  steadily  in- 
creases as  the  great  Appalachian  valley  is  followed  southeast  to  Ala- 
bama. In  Virginia,  in  the  Cumberland  valley,  I  measured  not  far 
from  Bigstone  Gap  7  feet  2  inches  of  the  Clinton  ore,  of  which  2J 
feet  are  of  very  good  quality.  Entering  Alabama  from  the  Georgia 
State  line  and  following  the  extension  of  Jones',  Roup's,  and  Will's 
valley  along  the  Alabama  Great  Southern  R.R.,  we  find  the  two 
Clinton  horizons  on  the  northwest  side  of  the  valley.  The  eastern 
ridge  or  Red  Mountain  follows  here  within  half  a  mile  the  A.  G.  S. 
R.R.,  and  has  a  distance  of  2  to  2J  miles  from  the  western  ridge. 
The  Clinton  group  of  the  eastern  ridge  shows  here  in  De  Kalb 
County,  and  west  of  Valley  Head  and  Fort  Payne  stations,  not  more 
than  3  to  4  feet  of  ore  in  three  different  strata.  About  the  same 
thickness  of  the  red  ore  may  be  found  in  the  western  ridge. 

The  following  is  a  section  of  the  strata  in  the  eastern  ridge  west 
of  Valley  Head  and  Fort  Payne  in  De  Kalb  County. 


1.  Ore  (soft), 9  to  1-i  inches. 

Shale  and  Sandstone,       .        .         .         2  to  8  feet. 

2.  Ore  (soft), 12  to  15  inches. 

Sandstone  and  Shale,        .         .         .        20  to  30  ft. 

3.  Ore  (harder), 15  to  20  inches. 


Total  ore,       .         .        .        .        .        .        .        .        36  to  49  inches. 

Further  southwest,  in  Etowah  and  St.  Clair  counties,  west  from 
Atalla  and  Springville,  the  thickness  of  the  strata  of  the  red  ore  in 
the  eastern  Red  Mountain  is  greater.  One  stratum  is  from  2|  to  4| 
feet  thick.  About  the  same  thickness  can  be  found  further  southeast 
in  Jefferson  County  and  northeast  of  Birmingham.  The  greatest 
thickness  of  the  Clinton  ore  is  reached  south  of  Birmingham,  where 
the  S.  &  N.  R.R.  runs  through  a  gap  of  the  eastern  Red  Mountain 
called  Grace's  Gap.  Half  a  mile  southwest  from  Grace's  Gap  the 
mines  of  the  Eureka  Furnace  Company  are  located.  The  red  ore 
appears  here  in  four  different  strata,  having  an  aggregate  thickness 
of  more  than  30  feet  of  ore,  a  thickness  unsurpassed  in  North 
America  so  far  as  my  knowledge  goes. 

The  following  is  the  section  of  the  Clinton  ore  iu  the  eastern  Red 
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Mountain  in  Jones',  Koui>*s,  and  Will's  valley,  at  the  mines  of  the 
Eureka  Company,  one-half  mile  southeast  of  Grace's  Gap: 

1.  Limestone  and  sandstone,  ....... 

2.  Sandy  leilge  of  red  ore  (30  to  o2  per  cent,  nietallio  iron^  .  10  to  12  feet. 

3.  Sandstone  and  shales 15    " 

I  4.  Soft  ore  (51  to  54  per  cent.  nieUillio  iron),        ....  4i  " 

\5.  Hsvrd  ore  (about  40  per  cent,  metallic  iron),    .         .         .         .  17   to  18    " 

6.  Sandstone, 3    " 

7.  Metlium  soft  ore  (Irondale  vein,  about  50  per  cent,  metallic 

iron  or  more),         .........  3    " 

8.  Limestone  (siliceous), 

9.  Limestone  (good), 

Total  red  ore 34  .^  to  37^  feet. 

Following  the  mountain  southwest,  we  find  the  principal  stratum 
from  11  to  13  feet  thick,  only  two  to  three  miles  from  the  Eureka 
mines,  but  running  down  to  5  to  6  feet  in  about  as  many  miles, 
and  showing  still  further  southwest  onlv  about  2  to  3  feet. 

The  western  Red  Mountain,  which  disappears  in  the  middle  part 
of  the  valley,  in  Jefferson  County,  shows  in  the  southern  portion  of 
Jefferson  County  several  strata,  but  none  over  IJ  to  2 J  feet  thick. 
Xorthwest  of  Birmingham,  along  the  eastern  edge  of  the  Warrior 
field,  different  strata  of  the  ore  can  be  found  in  the  western  mountain, 
but  also  not  thicker  than  1^  to  2^  feet.  The  same  thickness  can 
be  found  further  northeast  in  Murfrees'  valley.  The  eastern 
ridge  of  the  Clinton  group  in  Murfrees'  valley  shows  greater  thick- 
ness of  the  veins  than  the  Western  Red  Mountain.  I  give  the  fol- 
lowing section  from  the  lower  Murfrees'  valley,  4  to  5  miles  above 
Village  Springs : 

1.  Ore  (hard),  aljout  35  to  40  per  cent,  metallic  iron,      .         .         .5  feet  or  more. 

2.  Interval, 5    " 

3.  Ore  (soft),  good,  about  50  to  55  per  cent,  metallic  iron,       .         .     2   "  2  inches. 

4.  Interval 60    " 

5.  Ore  (medium  hardness),  good,  about  50  to  55  per  cent,  metallic 

iron, 2   "  4       " 

6.  Interval, 3    "  6        " 

7.  Ore  (medium  hardness),  good,  about  50  to  55  per  cent,  metallic 

iron,      .        . 2   "  6       " 

Total  ore 12  feet. 

Of  the  brown  ore  the  largest  deposits  are  known  in  the  southern 
parts  of  Jones'/etc.  valley,  near  Woodstock,  Tannehill,  and  Green 
Pond,  and  in  Murfrees'  valley,  a  few  miles  northeast  from  Cha- 
pultepec  P.  O. 
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The  character  of  the  red  ore  varies  in  hardness  and  chemical  con- 
stitution. Two  kinds  of  ore  are  noticed — the  soft  and  the  hard  ore. 
The  hard  ore  differs  from  the  soft  ore  principally  in  its  lower  per- 
centage of  metallic  iron  and  higher  percentage  of  lime  carbonate. 

Brown's  Valley  or  Blountsville  Valley  (the  Sequetchee  Valley  of 
Tennessee). — Very  little  is  to  be  said  concerning  the  geological  for- 
mation and  the  minerals  of  this  valley,  so  far  as  it  lies  in  Alabama. 
The  anticlinal  upthrow  has  here  not  reached  the  same  height  as  in 
the  above  described  valleys ;  the  break  exposed  only  the  Subcarbon- 
iferous  rocks,  except  in  the  lower  part  of  the  valley  around  Blount 
Springs  and  near  the  southwestern  end  of  the  valley  where  the 
higher  Silurian  rocks  can  be  found. 

The  future  importance  of  Alabama  as  a  manufacturing  State  lies 
in  the  middle  zone,  with  its  great  wealth  of  iron  ore,  and  its  supplies, 
near  the  ores,  of  good  coking  coals.  Improvements  in  transpor- 
tation (including  the  perfecting  of  water-transportation  to  the  Gulf) 
will  be  necessary  to  enable  this  region  to  realize  fully  the  advantages 
with  which  it  has  been  endowed  by  nature. 

The  Metamorphio  Region. — The  metamorphic  region  in  Alabama 
covers  the  counties  or  parts  of  counties :  Chilton,  Coosa,  Talledega, 
Calhoun,  Cleburne,  Lee,  Tallapoosa,  Elmore,  Clay,  Randolph  and 
Chambers,  with  about  6000  square  miles  of  area.  The  rocks  of 
this  region  are  partly  metamorphosed  Lower  Silurian  rocks  (Calcif- 
erous,  Potsdam,  and  Acadian),  ])artly  Upper  Azoic  rocks  (Huronian) 
and  perhaps  Lower  Azoic  rocks  (Laurentian).  The  character  of  the 
different  rocks  and  minerals  of  the  metamorphic  region  may  be  best 
given  by  a  short  profile  at  a  right  angle  to  the  strike  of  the  rocks. 
The  strike  of  the  rocks  (according  to  the  formation  of  this  region, 
which  is  the  southwestern  extremity  of  that  part  of  the  Appala- 
chian chain  known  farther  northeast  under  the  name  "Blue  Ridge  ") 
is  from  the  northeast  to  the  southwest,  the  dip  being  mostly  to  the 
southeast,  at  very  high  angles,  or  nearly  vertical.  Going  in  a  right 
angle  to  the  strike,  that  is  from  northwest  to  southeast,  we  find  in 
Alabama  the  following  zones,  which,  however,  cannot  be  sharply 
separated. 

1.  Silurian. — Crystalline  limestones,  conglomerates,  heavy  quartz- 
ites  and  slates  (often  gold-bearing),  semi-metamorphosed. 

2.  Huronian. — Mica  slates  and  schists  (with  garnets),  limestones, 
coarse-grained  granites,  diorite,  quartzites  and  clay  slates  (sometimes 
gold-bearing);  the  mica  schists  often  alternating  with  gneisses;  as- 
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sociated  with  graphite  and  oraphitio  slates,  itacolumite,  specular  ore 
and  brown  hematite,  etc. 

3.  Hurouiau  or  Upper  Laurentian. — Gneisses  (micaceous  and 
hornblendic),  granite,  diorite,  mica  schists,  quartzites,  slates  (some- 
times gold-bcariuir),  associated  with  chloritic  schists  and  steatites, 
mica  with  turmaline  crystals,  etc.  Some  of  the  granites  have  the 
characteristics  of  eruptive  rocks. 

The  following  minerals  may  be  mentioned  as  more  or  less  frequent 
in  this  region  : 

Specular  iron  ore,  occasional,  in  small  pockets,  especially  in  ita- 
columite; brown  hematite,  in  masses  and  local  deposits  in  the  quartz- 
ites and  mica  slates,  but  not,  so  far  as  known,  in  large  deposits  (see 
analyses  in  tables  below  of  brown  hematite  from  Chilton  county); 
titanic  iron,  as  accessory  constituent  in  itacolumite  and  slates;  mag- 
netite, in  fragments,  and  an  alleged  small  vein  in  Coosa  county; 
pyrolusite,  associated  with  brown  hematite  in  considerable  quantity, 
in  Chilton  county ;  pyrite,  in  extensive  deposits  (according  to  Pro- 
fessor Smith),  in  Clay  county;  copper  ore,  "black  oxide,"  with 
galena  in  small  quantities  in  quartz,  in  Chilton  county,  and  also 
with  chalcopyrite  at  Wood's  mines  in  Cleburne  county  (now  aban- 
doned), and  in  some  other  localities;  gold,  in  most  of  the  streams, 
where  it  has  been  Mashed  for  forty  or  fifty  years  past  by  the  inhabi- 
tants, and  also  in  auriferous  pyrite  in  Clay  county,  etc.,  but  no  gold 
mines  now  working;  graphite  and  graphitic  slates,  in  large  but  im- 
pure beds;  asbestos,  in  Coosa  and  Tallapoosa  counties;  mica,  for- 
merly mined  in  Chilton  county  but  now  abandoned,  because  it  was 
too  much  mixed  with  turmaline;  corundum,  in  occasional  crystals 
found  in  Chilton,  Coosa  and  other  counties  ;  zircon  and  rutile,  as  fre- 
quent accessory  minerals  ;  tantalite,  a  rare  mineral,  yet  not  infrequent 
near  Rockford  (analysis  by  Dr.  J.  Lawrence  Smith  :  tantalic  acid, 
79.65;  tungstic  acid,  1.10;  stannic  acid,  0.87 ;  protoxide  of  man- 
ganese, 3.72;  protoxide  of  iron,  13.51;  oxide  of  copper,  0.89  ;  spe- 
cific gravity,  7.305  to  7.401);  kaoline,  in  an  extensive  deposit  near 
Louisa,  Randolph  county  (according  to  Tuomey),  and  also  in  Coosa 
county,  near  Locopatoy  and  Notasulga;  jasper,  in  Chilton  and 
Coosa  counties. 

On  the  soils  of  the  metamorphic  region  I  will  say  nothing  here, 
since  the  agricultural  aspects  of  Alabama  geology  do  not  directly 
concern  the  Institute. 
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III.  The  Southern  Zone. 

This  zone  comprises  the  remainder,  that  is  to  say,  about  four- 
sevenths  of  the  total  area  of  Alabama.  It  presents  the  Cretaceous, 
Tertiar}',  Diluvial  and  Alluvial  formations;  and  since  it  is  not  the 
scene  of  mining  operations,  or  especially  interesting  to  mining  engi- 
neers (except  as  to  a  few  deposits  of  brown  hematite  and  iron-con- 
glomerate in  the  drift,  the  brown  coal  and  burr-stone  of  the  Tertiary, 
and  the  artesian  wells  which  pass  through  the  Cretaceous  "  Rotten 
Limestone  group,"  to  find  water  in  the  Eutaw  clays),  I  will  pass  it 
without  further  comment. 

The  following  tables,  compiled  from  many  sources,  give  detailed 
information  concerning  the  ores,  coals,  etc.,  described  in  the  preced- 
ing pages. 


TABLE  I. 

Analysis  of  Bituminous  Coals  of  the  Cahaba  Coalfield. 


Cahaba  vein 

Holt's  mine 

Black  shale  vein— McGinnis 

Moyle's  seam 

Little  Pittsburgh  vein 

Conglomerate  vein 

Helena  vein  (No.  1.) 

Coke  vein 

Gholson  vein 

Montevallo  vein 

Gould  scam 

Beaver  Dam  seam 

Helena  mines  (No.  2.) 

Wood's  Pit  (n.  INIontevallo) 

Pushmattahawbeds(n.  Mont'o) 
Wadsworth  seam 
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CO  0. 

Roth  well 

1.220 

1  .fifiO 

33.280 

63.040 

2.020 

0.097 

0.428 

" 

1.2y0  1.580 

32.600 

62.620 

3.200 

0.223 

0.727 

" 

1.2<.;0  1.910 

32.650 

63.910 

1.530 

0.071 

0..559 

" 

1.380  1.930 

32.840 

59.040 

5.590 

l.UOl 

2.779 

" 

1.290  2.0ri0 

33.470 

62.200 

2.280 

0.118 

0.523 

" 

1.280  2.130 

30.860 

64.540 

2.470 

0.320 

1.160 

" 

1.120  2.540 

29.440 

00.810 

1.210 

0.0V3 

0.455 

" 

1.280,1.780 

30.(;oo 

66.580 

1.090 

0.085 

0.479 

" 

1.250  2.140 

31.920 

03.6S0 

2.260 

" 

1.350  2.130 

27.030 

06.220 

4.620 

0.i44 

0.388 

" 

1.300  1.340 

28.960 

60.580 

9.120 

0.090 

0.730 

Wuth 

...     0.300 

31.300 

65.450 

2.810 

0.080 

Lupton 

1.320  1.740 

35.480 

58.960 

3.820 

0.900 

Shelby 

Mallet 

1.294  0.700 

35.51 C 

57.420 

6.310 

Shelby 

1.304  0.790 

36.680  57.230 

5.300 

34.600 

60.530 

4.870 

0.680 
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TABLE  II. 
Li^t  of  Bitiimhwus  Coals  of  the  Warrior  Coal-field  Analyzed. 


No. 


26 


2S 

2« 
30 

31 

32 

33 

34 

*=> 

36 

:{7 

3S 

39 

40 

I 

41 
42 
43 

+1 

52 


Lower  part  of  the  Townley  bed 

I'ppor  part  of  the  Townley  bod 

Ixjwer  part  of  the  .laggcr  lied 

Upper  part  of  the  .'aarger  bed 

rpper  part  of  the  Hakor  bed 

Lower  part  of  the  Baker  bed 

Phillip  A  Cordell  bed  (No.  III.) 

Phillip  cV  Cordell  bod  (No.  II.) 

Jim  Hawthorne  bed  (No.  I.) 

Coal  from  ."^ect.  4,  Townsh.  16,  Range  6  W 

Coal  from  Soot.  8,  Townsh.  15,  Range  6  W 

Robinson  bod,  sample  No.  1  (No.  II.) 

Robinson  bed,  sample  No.  2  (No.  II.) 

Robinson  bod  (No.  I.) 

Beechy  Hollow  bed 

Baley  bed,  sjiniple  No.  1 

Baley  bed,  sample  No.  2 

Baley  bed.  sample  No.  3 

Coalfrom  Sect.  24,  Townsh.  16,  Range  7  W 

Upper  part  of  Village  Creek  bed 

Lower  part  of  Village  Creek  bed 

Newcastle  vein 

Black  Creek  vein,  sample  Xo.  1 

Black  Creek  vein,  sample  No.  2 

Coketon  vein,  upper  part 

Coketon  rein,  lower  part 

Xo.  III.  of  the  Fork  Shoals  profile 

Xo.  III.  of  the  Fork  Shoals  profile 

Xo.  II.  of  the  Fork  Shoals  profile 

Xo.  II.  of  the  Fork  Shoals  profile 

Xo.  I.  of  the  Fork  Shoals  profile 

Cave  Hollow  bed 

Xo.  I.  of  the  Blue  Creek  profile,  sample  Xo.  1 

Xo.  I.  of  the  Blue  Creek  profile,  sample  Xo.  2 

Xo.  II.  of  the  Blue  Creek  profile,  sample  Xo.  1 

Xo.  II.  of  the  Blue  Creek  profile,  sample  No.  2 

Cannel  Coal,  Daniel's  Creek 

Block  coal-seam 

Double  coal-seam 

Manley  seam 

University  seam,  Jim  Black's  branch 

University  .scam,  University  mine 

University  seam,  Goree  bed 

Prude's  lower  bed 

Chamber's  mine 

McLester  Shaft,  near  Tuscaloosa m 

Asylum  Shaft,  near  Tuscaloosa 

Burnett  bed 

Mineral  charcoal 

Bituminous  slate 

Warrior  coal,  likely  the  Warrior  vein 

Woodward's  Coal,  northwest  from  Wheeling.    Said  to  be  ( 
the  Coketon  vein / 


County. 


Walker. 


Jefferson. 


Walker. 


Tuscaloosa. 


Marion. 

Fayette., 
Jefferson. 


Analyst. 


Henry  McCalley. 


J.  B.  Durett. 
Henry  McCalley. 


J.  B.  Durett. 
Henry  McCalley. 

Dr.  Otto  Wuth. 

Dr.  W.  Gesner. 

Prof  N.  T.  Lupton. 

Henry  McCalley. 

J.  B.  Durett. 

Henry  McCalley. 


J.  B.  Durett. 

Henry  McCalley. 

J.  B.  Durett. 

Henry  McCalley. 


J.  B.  Durett. 
Henry  McCalley. 


Eugene  A.  Smith. 
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TABLE  11,— Continued. 
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1.31 

0.71 

3.007 

29.084 

63.352 

4..557 

2 

1.45 

1.744 

2.96 

26.162 

44.516 

26.,S62 

3 

1.44 

0.36 

2.238 

29.037 

50.638 

17.987 

4 

1.233 

0.574 

3.091 

29.041 

56.537 

11.328 

5 

1.324 

0.695 

6.355 

■  31.086 

60.605 

1.894 

6 

1.285 

1.331 

2..578 

35.164 

59..348 

2.910 

7 

1.290 

0.649 

3.098 

34.552 

60.745 

1.605 

8 

1.318 

3.070 

2.052 

38.078 

55.265 

4.605 

9 

1.333 

0.516 

2.969 

29.784 

60.598 

6.649 

10 

1.401 

0.482 

3.799 

26.217 

57.316 

12.668 

11 

1.380 

0.586 

2.213 

28.987 

56.454 

12.355 

12 

1.371 

0.580 

2.454 

27.007 

57.6.50 

12.989 

13 

1.364 

0..590 

2.703 

26.600 

56.367 

14.330 

14 

1.365 

0.711 

1.848 

28.365 

58.213 

11..574 

15 

1.437 

0.527 

6.9.52 

27.065 

55.640 

10.343 

16 

1.278 

0.690 

2.702 

29.-564 

64.818 

2.916 

17 

1.339 

0.603 

5.715 

28.095 

62.612 

3.-578 

18 

1.416 

1.236 

1.533 

30.405 

51.962 

16.100 

19 

1.339 

1.105 

4..535 

26.407 

56.890 

12.218 

20 

1.391 

0.,^21 

4.175 

22.415 

62.482 

10.928 

21 

1.312 

0.604 

1.525 

26.170 

66.020 

6.285 

22 

1.380 

0.640 

0.500 

28.240 

59.690 

10.920 

23 

1.360 

0.100 

0.120 

26.110 

71.640 

2.030 

24 

1.290 

0.320 

1.360 

31.796 

64.710 

1.820 

25 

1.330 

1.224 

1.474 

32.288 

59.503 

6.735 

26 

1.278 

0.612 

1.529 

30.683 

63.683 

4.102 

27 

1.325 

0.793 

4.976 

27.169 

62.135 

5.720 

28 

1.268 

1.1.31 

1.475 

34.271 

59.128 

5.126 

29 

1.280 

1.506 

1.442 

27.211 

66.000 

5.347 

SO 

1.310 

1.076 

1.398 

30.647 

62.183 

5.772 

31 

1.336 

0.722 

3.560 

26.566 

64.288 

5.646 

32 

1.330 

1.945 

1.2.58 

26.253 

59.896 

12.594 

S3 

1.280 

0.801 

2.514 

32.093 

61.886 

3.,507 

34 

1.317 

0.608 

2.179 

32.855 

59.820 

5.146 

85 

1.329 

0.835 

0.778 

33.271 

61.082 

4.869 

36 

1.282 

0.798 

2.391 

33.865 

59.069 

4.675 

37 

1.348 

2.752 

0.830 

36.207 

48.319 

14.644 

38 

1.411 

1.613 

2.239 

34.606 

50.375 

12.780   ' 

39 

1.304 

2.129 

1.810 

34.029 

■58.241 

5.291 

40 

1.277 

0.752 

2.004 

33.833 

61.872 

2.291 

41 

1.393 

0.765 

7.285 

28.989 

54.522 

9.204 

42 

1.298 

1.038 

1833 

36.233 

54.534 

7.400 

43 

1.386 

0.870 

2.062 

31.103 

55.495 

11.340 

44 

1.327 

0.626 

5.426 

31  952 

59.455 

3.167 

45 

1.281 

2.380 

1.838 

30.682 

64.339 

3.141 

46 

1.283 

1.861 

2.245 

a).130 

55.301 

7.324 

47 

1.397 

1.867 

1.892 

32.011 

55.364 

10.733 

48 

1.102 

1.730 

3.694 

35.380 

58.517 

2.409 

49 

l..^)51 

1.753 

15.285 

79.215 

3.747 

50 

1.099 

I'Hoi 

0.268 

75.688 

7.284 

16.742 

51    ' 

32.370 

64.990 

2.640 

52 

31.224* 

63.458 

5.318 

Including  moisture 
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TABLE  III. 

List  of  Alabama  Brown  Hematites  Analyzed. 


No. 


Localitv. 


10 
U 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47- 
48 
49 
50 


Near  Russelville. 


East  of  Cullman. 
S.  W.  of  Cullman. 


Near  Vernon. 


Near  Mt.  Pinson. 
Green  Pond. 


Woodstock. 
Shelby  Iron  Works. 

N.  E.  of  Montevallo. 

N.  E.  of  Helena. 

Near  Alpina. 

Lay  Bank. 

Iroua  Bank. 


H.  Glascock's. 
Gallihom's. 


I  West  of  Briarfield. 
I       Woodstock  St. 


Springrille. 

Oxford. 

Above  Spencers'. 

Benton. 

Bluff  Creek. 


County. 


Franklin. 
Cullman. 


Winston. 
Lamar. 


Jefferson. 
Bibb. 


Tuscaloosa. 
Calhoun. 
Shelby. 


Talladega. 
Bibb. 


Chilton. 


Coosa. 
Bibb. 


Tuscaloosa. 


St.  Clair. 
Calhoun. 


N.  Alabama, 

Jefferson. 

Walker. 

Tuscaloosa. 


Formation. 


Subc. 
Carb. 


Drift. 
Silur. 


Metam. 


Silur. 


Subc. 
Carb. 


Silur. 


Analyst. 


H.  McCalley. 

E.  J.  Schmitz. 

H.  Endemann. 

C.  A.  Mohr. 

H.  McCalley. 


E.  J.  Schmitz. 
A.  W.  Kinsey. 
W.  T.  Roepper. 


C.  F.  Chandler. 
E.  Smith. 

J.  B.  Britton. 


M.  M.  Duncau. 


Lupton. 
E.  Smith. 


Lupton. 


Mallet. 


Remarks. 


Clay  iron-ore 

Carbonate. 
Sample  1. 

2. 

3. 

Sample  1. 

"       2. 

3. 


Roasted. 
Sample  1. 


Sample  1. 

"  2 
§'. 

"  4. 
Pipe-ore. 


E.  of  Cooper's. 
N.  of  Mill. 

Sample  1. 

2. 

3. 
Pipe-ore. 
Do.,  sample  2. 
Sample  1. 


Clay  ironstone. 
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^ 

Vh 

tw 

2 

g5 

I? 

■a 

0) 

s 

s 

CD  £ 

03 

d 

< 

'u 

0 

s 

0 

0 

o 

g 

s 

0   . 

0  be 

0 

fl 

.G 

6 

s 

'3 

Pi 

2 

B 

5 

o 

■3  u 

03 

■3  c 

CO 

< 

6 

e 
3 

C 
til 

a 

% 

CO 

ft 

0 

ft 

0 

Si 
Pi 

"3 
"3 

1 

3.616 

1.648 

10.444 

3.159 

84.696 

0.087 

0.220 

0.440 

0.025 

0.054 

0.765 

0.334 

59.287 

2 

3.800 

0.833 

11.849 

2.864 

85.514 

0.188 

1.411 

0.407 

0.045 

0.085 

0.760 

0.332 

58.459 

3 

19.382 

57.667 

40.367 

4 

9.060 

74.550 

5.310 

0.330 

0.190 

52.190* 

5 

68.571 

trace. 

48.040 

6 

3.563 

0.967 

i.'437 

5.209 

7.918t 

0.186 

4.046 

2.418 

3.486 

0.317 

0.341 

0.149 

35.000 

7 

3.421 

1.777 

12.466 

4.371  78.284 

0.760 

0.809 

0.391 

0.129 

0.615 

0.268 

54.800 

8 

3.461 

1.468 

12.372 

4.367  80.053 

0.188 

0.221 

0.407 

0.450 

0.085 

0.624 

0.272 

56.037 

9 

3.392 

3.843 

8.155 

4.506181.173 

0.073 

1.341 

0.298 

0.032 

0.138 

0.268 

0.117 

56.821 

10 

22.150'  70.850 

49.595 

11 

ll'.620|  11.450 

38.5501 

12 

]3.090|    3.100 

84.250 

trace. 

trace. 

58.9751 

13 

8.550' 34.030 

57.460 

trace. 

trace. 

40.222g 

14 

10.250 

3.550 

76.860 

trace. 

2.950 

** 

... 
* 

0.350 

0.153 

53.802 

15 

9.230 

+t 

50.200 

16 

9.250 

7.060 

78.800 

L490 

2.370 

0.580 

trace. 

0.140 

0.370 

0.160 

55.202 

17 

3.800 

11.740 

81.350 

0.750 

1.590 

0.570 

0.120 

0.160 

0.110 

0.050 

56.945 

18 

4'.'310 

11.190 

3.090 

84.100 

trace. 

0.270 

1.020 

0.080 

0.460 

0.200 

0.090 

68.870 

19 

3.610 

11.270 

13.490 

73.400 

0.000 

1.030 

0.380 

0.080 

0.280 

0.330 

0.140 

51.408 

20 

11.980 

1.500 

84.030 

0.200 

0.200 

0.240 

trace. 

0.030 

1.220 

0.490 

58.821 

21 

0.760 

0.000 

1.520 

56.740? 

22 

11.860 

7.580 

77.540 

2.070 

d!070 

0"030 

0.000 

0.290 

0.130 

54.278Ja 

23 

11.520j 11.710 

68.930 

3.590 

0.100 

0.050 

0.000 

0.130 

0.060 

48.251§|| 

24 

10.490i    6.040 

79.930 

0.920 

1.430 

0.070 

trace. 

0.000 

1.010 

0.450 

55.951 

25 

7.4101    3.060 

82.840 

0.950 

0.350 

1.020 

0.190 

0.450 

0.550 

0.240 

57.988 

26 

12.44()|    7.840 

3.300 

1.470 

0.110 

0.120 

0.000 

1.350 

0.580 

66.758 

27 

... 

12.71:0    5.610 

0.110 

1.360 

0.060 

0.100 

0.000 

1.300 

0.570 

71.556 

28 

3.780 

8.540    2.340 

87.'490 

0.120 

0.270 

0.820 

0.330 

0.480 

trace. 

66.758 

29 

10.4901 14.110 

0.410 

2.05( 

0.110 

0.070 

0.000 

0.800 

0.349 

64.826 

30 

10.920 

62.840 

trace. 

0.112 

0.908 

43.988 

31 

5.178  80.040 

0.071 

0.610 

56.028 

32 

4.140  80.840 

0.068 

0.896 

56.588 

33 

10.630 

5.580  80.430 

0.'680 

1.600 

0,140 

o'.920 

0.402 

56.301 

34 

3.140 

7.510:40.620  46.120 

0.290 

1.850 

o'.'JiiK) 

0.750 

0.070 

0.870 

0.380 

32.284 

35 

3.03( 

7.160 

1.6J0  88.120 

0.020 

1.350 

0.400 

0.020 

0.020 

0.330 

0.144 

61.684 

36 

3.670 

10.900 

9.260  78.270 

0.500 

1.650 

0.440 

0.220 

0.030 

0.230 

0.104 

54.789 

37 

3.400 

9.790 

1.780  83.130 

0.190 

3.670 

0.500 

0.010 

0.610 

0.760 

0.332 

58.191 

38 

3.780 

8.540 

2.340  87.490 

0.120 

0.270 

0.820 

0.330 

0.480 

trace. 

61.243 

39 

3.810 

7.410 

3.060'  82.840 

0.950 

0.350 

1.020 

0.190 

0.450 

0.550 

0.240 

57.988 

40 

3.750 

11.350 

2.4(>0  84.460 

0.330 

0.910 

0.260 

0.040 

0.140 

0.580 

0.253 

59.122 

41 

8.560      ... 

12.140 

12.160  75.040 

0.000 

0.300 

0.410 

0.060 

0.140 

0.000 

52.528 

42 

3.430      ... 

11.550 

2.980  82.830 

1.020 

1.390 

trace. 

0.120 

0:i40 

trace. 

57.981 

43 

3.790 

7.210 

83.430 

0.540 

3.380 

0.881 

trace. 

0.334 

QMd 

58.410 

44 

3.691 

13.3(i0 

1.190 

84.320 

0.410 

0.890 

trace. 

59.024 

45 

3.804 

12.780 

0.150 

84.370 

trace. 

1.240 

0.080 

0.560 

0.245 

59.060 

46 

3.288 

12.700 

3.210 

82.450 

0.630 

0.770 

trace. 

trace. 

trace. 

57.71 

47 

3.262 

12.370 

5.580 

80.650 

0.200 

0.090 

trace. 

0.920 

0.402 

56.45 

48 

3.495 

1.170 

6.370 

0.430 

0.060 

*'i* 

42.230 

49 

3.385 

0.840 

14.940 

1.200 

0.130 

tt+ 

35.040 

50 

9.440 

75.447 

3.609 

0.460 

52.813 

*  With  0.070  metallic  manganese. 

t  With  42.082  protoxide  and  31.908  carbonic  acid.     %  With  11.440  metallic  manganese, 
g  Traces  of  metallic  manganese.  **  Carbonate  of  lime,  5.500. 

tt  Carbonate  of  magnesia,  0.810.  '^i  Metallic  manganese  and  loss,  0.560. 

***  Carbonate  of  manganese,  3.040;  carbonate  of  iron,  86.350;  carbonate  of  lime,  2.120;  car- 
bonate of  magnesia,  0.120. 

ttt  Carbonate  of  manganese,  1.530;  carbonate  of  iron,  70.810;  carbonate  of  lime,  2.311;  car- 
bonate of  magnesia.  7.010.  M  Metallic  manganese,  3.770. 
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TABLE  lY. 


List  of  Alabama  Blackband,  Magnetites,  and  Red  Hematite  Ores 

Analyzed. 


No. 

Locality. 

County. 

Formation. 

Analyst. 

Remarks. 

51 

Pierce's  Mine. 

Jefferson. 

Carb. 

A.  W.Kinsey. 

Blackband,  raw. 

52 

" 

" 

" 

Blackband,  calcined. 

53 

■  •                               4. 

'• 

" 

" 

"         coked. 

54 

Hoehne's  Mine. 

" 

" 

S.  Pittsb.  Co. 

"              " 

55 

" 

" 

" 

"         residue. 

56 

Newcastle  St. 

" 

"          raw. 

57 

" 

" 

"         calcined. 

58 

Mcllvain. 

" 

" 

Lupton. 

59 

Upper  Cahaba. 

St.  Clair. 

" 

Siderite. 

60 
61 
62 

Near  Childersburg. 

Talladega. 

Metam. 

Hough. 

Magnetite. 

\Vm.  Andrews.* 

" 

Mallet. 

" 

63 

Clay. 

" 

Stubbs. 

" 

64 

Near  Mt.  Pinson. 

Jefferson. 

Silur. 

E.  J.  Schmitz. 

Red  hematite. 

65 

Mines'  Gap. 

'• 

Otto  Wuth, 

" 

66 

9  m.  ab.  Mines'  Gap. 

" 

" 

" 

67 

l>4in.bel.    " 

" 

" 

6S 

Near  Jonesboro. 

Jefferson. 

" 

Chauvenet. 

Red  hematite,  sam.  1. 

69 

"            " 

" 

•' 

Blair. 

"      2. 

70 

!•                          (1 

" 

" 

" 

"      3. 

71 

Iron  Mountain.t 

Shelby. 

" 

J.  B.  Britton. 

1. 

72 

"           " 

" 

" 

.C.  F.  Chandler. 

"      2. 

73 

14                           .4 

" 

" 

Eug,  Smith. 

"      3. 

74 

"              " 

" 

" 

"      4. 

75 

"              " 

" 

Mallet. 

"            "            "      5. 

76 

Gaylesville. 

•' 

" 

Red  hematite. 

77 

Pierce's  Mill. 

St.  Clair. 

" 

" 

'• 

78 

David  Hanby's. 

Blount. 

" 

" 

" 

79 

Potter's. 

Jefferson. 

" 

Lupton. 

Red  hematite, top  lift. 

80 

" 

" 

•'    lower  lift. 

81 

Eureka  Mines.J 

•' 

" 

"    top  lift  (soft). 

82 

"            " 

" 

" 

"    low.Iift(hard) 

83 

Pearson's. 

■' 

Red  hematite. 

•  Near  Oak  Bowery. 

t 

Near  Columt 

>iana. 

f  Near  Oxmoor. 
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> 

'o 

s 

o 
'p. 

_o3 

"S 

o 

°6 

S 
"3 

d 

^ 

s 

'2 

^1 

0 

3 

2 

o 

c 

t3 

0) 

IK 

"S 

•sg 

s" 

d 

. 

0 

0 

'"' 

6 

iz; 

'3 
p. 

O    (T) 

3 
3 

5 

o 

o    . 

CO 

O  ho 

a 

< 

s 

3 

"7. 

C 

P 
ft 

p. 
0 

ft 

3 

51 

2.750 

3.300 

3.530 

trace. 

0.494 

0.216 

21.800a 

52 

7.950 

74.'96i 

8..500 

3.'390 

4.008  b 

trace. 

1.191 

0..520 

52.473 

53 

c 

5.930 

6.340 

3.540 

1.980  b 

trace. 

0.860 

0.370 

39.150r 

54 

35.640d 

55 

e 

trace  .r 

3.6*60 

2.570 

0.300 

24.290 

56 

2.260 

5.330 

trace. 

5.50 

trace. 

0.630 

0.275 

36.380/ 

57 

32.930 

55.280 

58 

2.420 

24.250 

0.710  >    8.030 

o.boo 

i.'iso 

2.750 

o.oib 

trace. 

trace. 

35.750y 

59 

32.518 

2.740      

P 

5.544 

1.L50 

0.074 

0.646 

0.282 

39.230/1 

60 

12.000 

24.600         s 

u 

u 

u 

u 

o.iiio 

0.0.")0 

0.022 

61 

0.080 

10.300         t 

V 

V 

0.060 

0.150 

0.065 

62 

4.827 

0.540  C1.370W 

...     i  trace. 

0.080 

65.3(502 

63 

3.850 

0.910 

3.750 

57.520  X 

0.240 

6.000 

0.000 

0.600 

trace. 

60.380J 

64 

19.640 

71.730 

50.210 

65 

19.080 

76.2(;0 

1.420 

2.280 

0.430 

0.530 

0.231 

53.362 

66 

17.220 

78.470 

1..590 

1.870 

0.360 

0.490 

0.214 

54.929 

67 

17.890 

77.320 

1.750 

2.100 

0.430 

0.510 

0.223 

54.124 

68 

2.9(30 

12.180 

80.920 

2.G80 

0.280 

0.390 

0.292 

0.127 

56.644 

69 

3.310 

39.150 

54.510 

I.SIO 

0.350 

0.230 

0.312 

0.136 

38.157 

70 

0.620 

60.050 

37.080 

1.710 

trace. 

0.240 

trace. 

0.086 

0.038 

25.956 

71 

29.060 

63.729 

3.660 

0.000 

0.300 

44.6100 

72 

23.450 

70.090 

0.110 

0.'770 

0.336 

49.080 

73 

3.860 

1.260 

30.030 

60.790 

0.140  '  5.880 

1.580 

0..360 

0.900 

trace. 

42.553 

74 

3.430 

7.450 

16.240 

70.390 

0.260  i  3.310 

0.940 

0.310 

0.600 

1.390 

0.607 

49.273 

75 

3.873 

20.740 

76.870 

0.510  :  1.5.50 

trace. 

53.810 

76 

2.964 

13.440 

82.670 

0.400  '  3.090 

trace. 

0.060 

0.626 

57.870 

77 

3.168 

27.740 

51.460 

0.240  ;  2.320 

k 

0.160 

0.069 

36.022 

78 

3.230 

37.580 

61.870 

0.050    0.260 

0.030 

0.0.30 

0.013 

43.309 

79 

14.560 

74.980 

...... 

1.050 

0.570 

52.486 

80 

9.040 

58.300 

0.458 

0.249 

40.810 

81 

2.750 

13.190 

77.071 

trace. 

3.350 

0.840  m 

0.510 

0.223 

53.950 

82 

3.500 

15.250 

71.900 

2.140 

3..500  11 

0.760 

0.332 

50.330 

83 

9.780 

81.580 

g 

3.302 

2.060 

0.690 

trace. 

0.410 

56.810 

a.  Carbonates :  of  iron,  45.159  ;  of  lime,  2.518  ;  of  magnesia  (b),  2.102  ;  bituminous  coal,  40.147  ; 
fixed  carbon,  23.054.  b.  Including  sesquioxide  of  manganese.         c.  Fixed  carbon,  42.200. 

d.  Including  volatile  matter.    This  analysis  shows  33.350  fixed  carbon. 

e.  Fixed  carbon.  51.810. 

/.  Carbonates:  of  iron,  75.750;  of  lime,  5.050;  of  magnesia,  a  trace  ;  bituminous  coal,  5.100. 

g.  Carbonate  of  iron,  62.350.  h.  Carbonate  of  iron,  57.048.  i.  Titanic  acid,  9.210. 

j.  Titanic  acid,  tested  for  and  not  found.  k.  Carbonate  of  lime,  17.890. 

I.  Carbonate  of  lime,  12.550. 

m.  Carbonates  :  of  lime,  1.500;  of  magnesia,  a  trace. 

n.  Carbonates  :  of  lime,  6.250  ;  of  magnesia,  a  trace. 

p.  Monoxide  of  manganese,  0.320. 

r.  And  34.700  protoxide  of  iron.  s.  Protoxide  and  sesquioxide  of  iron  together,  74.430 

t.  Protoxide  and  sesquioxide  of  iron  togetlier,  83.320. 

u.  Oxide  of  manganese,  alumina,  lime,  and  magnesia  together,  0.320. 

V.  Lime  and  magnesia  together,  0.220. 

w.  Also,  28.800  protoxide  of  iron.  z.  Also,  25.880  protoxide  of  iron 


o.  Metallic  manganese,  1.000. 
q.  Monoxide  of  manganese,  0.270. 


CONTRIBUTIONS    TO   THE   GEOLOGY   OF   ALABAMA. 


169 


TABLE  Y. 

List  of  Limestones,  Dolomites,  and  Ilarbles  Analyzed. 


Ko. 

1 
2 
3 
4 
5 
6 
7 

Substance. 

Locality. 

County. 

Forma- 
tion. 

Analyst. 

Remarks. 

Limestone. 

Bloiint  Springs. 

Blount. 

Silur. 

Kinsey. 

Sample  1. 

3'. 
4. 
5. 
6. 

I 

Truesville. 

Jefferson. 

* 

Lupton. 

8 

9 

10 

;', 

Longvifcw. 

Shelby. 

" 

E.  Smith. 

Sample  1. 

"            9 

.' 

\] 

.. 

.. 

Chandler. 

U 

" 

Shelby  I.  W'ks. 

•' 

" 

Britton. 

Sample  1. 

12 

" 

"       " 

" 

" 

" 

2. 

13 

Dolomite. 

"       " 

" 

" 

" 

3. 

14 

Limestone. 

"       " 

•' 

" 

" 

4. 

15 

" 

"       " 

" 

'•  ■ 

Stubbs. 

"        5. 

16 

" 

Columbiana. 

" 

Chandler. 

17 
18 
19 

Dolomite. 

Ala.  Furnace. 

Talladega. 

" 

Britton. 

Sample  1. 

Marble. 

Taylor's  Mill. 

■' 

.. 

Stubbs. 

White." 

20 

"    ^ 

" 

" 

" 

Blue. 

21 

Dolomite. 

Chewada  Quarry. 

Lee. 

" 

" 

Bluish-white. 

22 

',' 

"            " 

'• 

" 

" 

Sample  2. 

23 

" 

"            " 

" 

" 

E.  Smith. 

3. 

24 

" 

"            " 

" 

" 

" 

4. 

25 

" 

Springville  Quarry. 

" 

" 

" 

Bluish. 

26 

Marble. 

Herd's  Upper  QuaV. 

Talladega. 

" 

Mallet. 

Snow-white. 

27 

" 

Pratt's  Ferrs-. 

Bibb. 

" 

" 

Gray,  compact. 

28 

Limestone. 

Clement's  Mill. 

» 

" 

•' 

29 

Dolomite. 

Colquitt's  Quarry. 

Talladega. 

" 

White. 

30 

Marble. 

Yonge's  Quarr>'. 

Macon. 

Metam. 

" 

" 

31 

Dolomite. 

Reese's  Quarry. 

" 

" 

" 

Grayish-white. 

32 

" 

Jones's  Valley. 

Jefferson. 

Silur. 

" 

Brownish-white. 

33 

" 

Chockoloko. 

Calhoun.t 

" 

" 

Yellowish-gray. 

34 

Limestone. 

Huntsville. 

Madison. 

Carb. 

" 

Grayish-brown. 

35 

" 

Ditto's  Landing. 

+ 

" 

" 

Bluish'^ray. 

36 

" 

Russell's  Valley. 

Franklin. 

" 

" 

Yellow. 

37 
38 
39 

Chunnennugga. 

Macon. 

Cret. 

Mallet. 
E.  Smith. 

Many  fossils. 

Dolomite. 

Jones's  Valley. 

Jefferson. 

Silur. 

Sample  1. 

40 

" 

"          •' 

" 

•' 

2. 

41 
42 
43 

Gypsum  marl. 

Clarke. 

Tcrt. 

II 

•  Big  Sandy  C 

reek.                 t  Ne 

ar  BoUing  S 

pring. 

X  Tenn 

essee  River. 
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TABLE  Y.— Continued. 


£ 

o 

q  2 

a 
M  a 

s 

'3 

< 
o 

o 

3 
o 
/a 
p. 

2 

i 

-a 
a 

0) 

.2 
a 

'3 

.Q.5 

u.^ 

o 
si 

c. 

.2 

a 

bo 

6 

s. 

U-^ 

§S 

^< 

'S 

a 

"3 

c3 

03 

^ 

CO 

u 

o 

f^ 

M 

Ph 

Pi 

trace. 

^ 

3 

1 

93.508 

3.675 

0.550 

0.733 

0.034 

* 

52.364 

1,749 

2 

89.135 

5.250 

1.125 

2.650 

0.090 

trace. 

* 

49.915 

2.499 

3 

94.845 

2.625 

0.500 

0.600 

0.030 

trace. 

* 

53.113 

1.249 

4 

92.725 

1.890 

0.450 

3.300 

0.035 

trace. 

* 

51.926 

0.90C 

5 

88.218 

4.725 

0.475 

4.300 

0.032 

trace. 

* 

49.402 

2,249 

G 

95.717 

1.680 

0.42;5 

0.700 

0.028 

trace. 

* 

53.601 

0,800 

7 

86.720 

6.310 

1.560 

5.320 

0.260 

48.563 

3,005 

8 

99  110 

0.750 

0.130 

0.390 

O.iioo 

0.000 

55.502 

0.357 

9 

99.160 

0.750 

trace. 

0.150 

0.000 

0.000 

55.530 

0.357 

10 

97.520 

1.270 

0.350 

0,780 

trace. 

0.000 

0080 

54.611 

6.048 

11 

93.770 

2.480 

1.010 

2.090 

0.000 

0.160 

0.360 

52.511 

1,190 

12 

98.910 

0.580 

0.630 

1.080 

0.000 

0.050 

0.000 

55.900 

0,276 

13 

67.550 

24.910 

3.580 

3.460 

0.030 

0.020 

0.450 

37.828 

1,186 

14 

95.400 

0.940 

0.680 

2.250 

trace. 

trace. 

0.730 

53.424 

0,44« 

15 
16 

96.700 
89.030 

1.400 
1.080 

2.500 
4  880 

0.000 

o.'iso 

0.840 

54.152 
49.857 

1.862 

s'.iiid' 

17 

55.3ri0 

34.580 

1.480 

7.750 

0.840 

30.896 

16,456 

18 

61.860 

33.550 

1.090 

2.860 

0.640 

34.642 

15.976 

19 

2.700 

95.250 

0.620 

1.150 

2.950 

20 

2,680 

94.400 

0.410 

0.750 

4.650 

21 

59.230 

36.340 

3.340 

1.030 

33.169 

15!976 

22 

58.290 

38.150 

0.860 

2.210 

32.642 

17.305 

23 

2.890 

57.730 

41.580 

0.120 

0.890 

32.329 

18,167 

24 

2.750 

49.720 

32.030 

0.270 

17.410 

27.843 

15,252 

25 

2.910 

72.940 

22.520 

0.730 

3.930 

40.846 

10,724 

26 

2.712 

99.470 

0.380 

trace. 

55.703 

0,181 

27 

2.711 

96.220 

0.()60 

o.iioo 

2.790 

53.883 

0,314 

28 

2.717 

96.370 

1.720 

0.250 

1.040 

53.967 

0.819 

29 

2.846 

56.480 

44.040 

0.310 

0.090 

31.069 

20.971 

30 

2.855 

65.420 

43.950 

0.190 

0.400 

31.035 

20.907 

31 

2.860 

59.330 

38.390 

0.330 

1.810 

33.225 

18.281 

32 

2.793 

56.680 

40.250 

0.440 

2.490 

31.741 

19.167 

33 

C.853 

55.170 

43.390 

0.890 

0.450 

30.895 

20.662 

34 

2.676 

64.030 

1.760 

2.030 

31.910 

trace. 

35.857 

0,838 

35 

2.702 

92.170 

0.610 

1.290 

5.570 

trace. 

51.615 

0.290 

36 

2.592 

99.210 

0.390 

trace. 

0.300 

55.558 

0,186 

37 

53.660 

0.970 

0.490 

44.600 

30.050 

0,462 

38 

88.820 

2.180 

0.940 

7.200 

0.230 

o.ibo 

49.739 

1.038 

;« 

55.394 

42.755 

0.717 

1.122 

0.016 

... 

... 

31.021 

20,359 

40 

58.715 

45.951 
Gypsum  t 

0.146 

0.146 

0.009 

• 

32.880 

21.881 

41 

93.890 

42 

i'2.o6o 

67.830 

43 

40.500 

54.400 

*  Dotcrmined  by  difference. 


t  CttSOi  +  HjO  2. 
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TABLE  YI. 
Analyses  of  Fig  Iron. 


e 

§ 

.§" 

■o 

Furnaces. 

o 

s 

•3 

•3 
S 

o 

s 

3 

c 

1 

a 
2 

1 

1 

s 

5 

13 
a> 

a 
'2 

s 

o 
xs 
a. 
B 

a 
a 

e. 

o; 

a 
1 

(1) 

"2 

M 

S5 

0 

^ 

S 

o 

o 

CO 

Ph 

y 

» 

t) 

No.  I. 

Eureka  furn's. 

coke. 

Mill. 

No.  I. 

Foundry. 

No.  11." 

Jefferson. 

..,      8.579 
' ...      2.670 

0.782  0.005  0.169 

,          1 
0.135:  0.012  0.075 

3.2S5 
3.705 

••           " 

■' 

Foundry. 

" 

Hough. 

91.276  2.018 

1.121 

0.018  0.041 

4.180 

0.516 

No.  I. 

1 

Alice  furnace. 

" 

Foundry. 
No.  II. 

" 

92.077,  3.055 

0.555  0.004  0.284 

0766 

3.259 

1 

Foundry. 

91.499  2.426 

0.180  0.019  0.541 

1           1 

0.919 

4.386 

An  analysis  by  Britten  of  charcoal  blooms  made  from  the  ore  of  Irona  banks,  Talladega  cotmty , 
shows  metallic  iron.  99.020;  carbon,  0.198;  sulphur,  0.000:  phoKphorus,  0.122;  manganese,  0.064; 
silicon,  0.2C5;  undetermined  and  loss,  0.331. 


TABLE  VII. 

Analyses  of  Blount  Sjjrlngs  Water. 


Analyst,                        Dr.  H.  Leefman. 

Spring  No.  1. 

Contains  in  1  litre  or  1000  gramra.  of  the 
water  =  0.84580  gramm.  solid  matter, 
in  which  there  was: 

j  Analyst,                    Prof.  W.  C.  Stubbs. 

j                      Spring  No.  4. 

Contains  in  1  litre  or  1000  gramm.  of  the 
water  =0.902042  gramm.  solid  matter, 
in  which  there  was: 

Gramm. 

' 

Gramm. 

1  Sodium  chloride 

1  Sodium  sulphate 

Calcium 

0.52240 
0.015.^ 
0.00490 
0.12650 
0.07410 
0.01370 

0.05250 

trace. 
0.03620 

Sulphuric  acid  .: 

Phosphoric  acid 

0.42800 
trace. 
0.15.')729 

0.002111 
0.001878 
(I.0G0368 
0.0',t.)190 
0.012710 
0.034000 
trace. 
o.o:>r)«57 

0.003597 
trace. 
0.042800 

Chlorine 

Bromine 

'  Iodine 

Lime 

'  Magnesia 

■  Baryta 

1  Magnesium  carbonate- 

Magnesium  chloride 

Silica ) 

Phosphates ^ 

Alumina ) 

Iodides 

Sulphur 

Sodium 

;  Silica 

1 
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TABLE  VIII. 

A.  Analyses  of  Copper  Ores. 


Variety. 


Black  ore. 

Azurite. 

Chalcopyrite. 

Malachite. 

Black  ore. 

Cuprite. 


Forma- 
tion. 


County. 


Chilton. 
Calhoun. 


u 

<a 

Analyst. 

P. 

o 

O 

^j 

CJ 

s 

ndemann. 

25.970 

Stubbs 

10.(120 

34.950 

" 

19.240 

" 

43.040 

45.240 

o 

P 

^ 

-t-i 

A 

3 

23.100 

29.200 

not  deter. 

14.900 

25.200 

23.100 

15.470 

11.400 

31.290 

0.000 

4.000 
7.3001 
16.C00 
7.400, 
4.2001 


0.340 


99.140 


B.  Analyses  of  Iron  Pyrites. 


o 
O 

S 

(4H 

jH 

Variety. 

Forma- 
tion. 

County. 

Analyst. 

cj 

O 
(1) 

o 

3 

P. 

a 

u 

aS 

a 

o 

"A 

■a 

-gp. 

3 

CO 

0) 

o 
O 

1 

Cupriferous  pyrites. 

Metam. 

Clebnrne. 

Smith. 

6.680 

10.140 

80.390 

8.08 

<> 

Pyrites. 

" 

Coosa. 

Mallet. 

good  tr. 

.S 

Subc. 

Cullman. 

Endemann. 

trace. 

TABLE  IX. 

A.  Analyses  of  Kaoline. 


.2 

•o 

Vh 

Locality. 

o 

■& 

c 

3 

S  a 

§2 

e=3 

<A 

o 
a 

-a 
o   . 

o 

CI 

P 

2. a 

CO 

a) 

0) 

a 
p 

3  S 

f=^ 

< 

Ph 

^ 

p 

o 

f^ 

< 

CO 

Near  Louina. 

Metam. 

Randolph. 

Mallet. 

0.720 

15.090 

14.280 

19.850 

17.440 

31.920 

trace. 

"  Jacksonville. 

Silur. 

Calhoun. 

Mallet. 

1.030 

13.380 

0.900 

39.750 

4.850 

38.920 

0.780 

B.  Analyses  of  Manganese  Ores. 


No. 

Variety. 

Formation. 

County. 

Analyst. 

Peroxide  of 
Manganese. 

Sp.  Gr. 

1 
2 
3 

Pyrolusite. 

Psilomelanc. 

Psilonielane. 

Metam. 

Silur. 

Metam. 

Chilton. 
Talladega. 
Randolph. 

Endemann. 
Mallet. 
Mallet. 

71.220 
62.430 
63.250 

3!712 
3.988 
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TROY,  NEW  YORK,  MEETING. 


OCTOBER,  188S. 


TEOY   MEETING. 


COMMITTEES. 

Local  Committee  of  Arrangements. 
E.  W.  Hunt,  Chairman.  Henry  Burden,  Secretary. 

Finance  Committee. 
Cliarles  W.  Tillinghast.  William  Gurley.  William  Kemp. 

Heception  Committee  of  Members  of  the  Institute. 

C.  T.  Arnberg,  I.  Townsend  Burden,  James  A.  Burden,  Henry  Burden,  William 
F.  Burden,  Verplanck  Colvin,  Townsend  Church,  Erastus  Corning,  Chester  Gris- 
wold,  J.  Wool  Griswold,  R.  W.  Hunt,  Orleans  Longacre,  John  H.  Mars,  Selden  E. 
Marvin,  Henry  B.  Nason,  J.  C.  Piatt,  Jr.,  H.  C.  Shaw,  J.  M.  Sherrerd,  E.  Eay 
Thompson,  S.  T.  Williams. 

The  opeuing  session  was  held  in  Keenan  Hall,  on  Tuesday  even- 
ing, October  9th.  Mr.  R.  W.  Hunt,  of  Troy,  President  of  the  Insti- 
tute, and  Chairman  of  the  Local  Committee  of  Arrangements,  after 
calling  the  meeting  to  order,  introduced  the  Hon.  Martin  I.  Town- 
send,  who  delivered  a  cordial  address  of  welcome  to  the  Institute  on 
behalf  of  the  city  of  Troy.  President  Hunt  called  upon  Dr.  R.  W. 
Raymond,  who  responded  to  this  address  on  behalf  of  the  Institute. 

The  following  papers  were  then  read : 

Some  Researches  on  Gold,  by  Dr.  T.  Egleston,  of  New  York. 

The  Law  of  the  Apex,  by  Dr.  R.  W.  Raymond,  of  New  York. 

After  the  adjournment  of  this  session  the  members  enjoyed  the 
hospitality  of  the  Troy  Club. 

On  Wednesday  morning,  October  10th,  the  members,  and  ladies 
accompanying  them,  made  an  excursion  by  carriages  to  the  Fuller 
&  Warren  Company's  Clinton  Stove  Foundry,  the  Rensselaer  Mer- 
chant and  Rail  Mills  of  the  Albany  and  Rensselaer  Iron  and  Steel 
Company,  and  the  works  of  the  Burden  Iron  Company,  after  which 
the  party  were  driven  to  "  Woodside,"  the  residence  of  Mr.  Jaiiies 
A.  Burden,  where  they  were  charmingly  entertained  by  Mr.  and 
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Mrs.  Burden,  In  the  afternoon  a  visit  M'as  made  to  the  Albany 
Iron  AVorks  and  the  Bessemer  Works  department  of  the  Albany 
and  Rensselaer  Iron  and  Steel  Company. 

In  the  evening  the  second  session  for  the  reading  and  discussion 
of  papers  was  held  in  Keenan  Hall.  The  following  papers  were 
read : 

The  Bessemer  Plant  of  the  North  Chicago  Rolling  Mill  Company 
at  South  Chicago,  by  R.  Forsyth,  of  Chicago, 

Some  Notes  and  Tests  of  an  Open  Hearth  Steel  Charge  made 
for  Boiler  Plate,  by  A,  E.  Hunt,  of  Pittsburgh. 

The  Determination  of  Manganese  in  Spiegel,  by  G.  C.  Stone,  of 
Newark,  N,  J,  (read  by  the  Secretary  in  the  author's  absence). 

The  Secretary  then  read  invitations  to  the  members  of  the  Insti- 
tute from  Mr.  Charles  Kilmer,  and  from  INIessrs.  W,  &L.  E.  Gurley, 
to  visit  their  works,  after  which  the  session  was  adjourned. 

On  Tliursday  morning  the  membei-s  and  ladies  of  the  party  were 
taken  in  carriages  to  the  shirt  and  collar  factories,  and  the  laundries 
connected  therewith,  of  Messrs,  Sandford  &  Robinson,  Earl  & 
Wilson,  and  Cluett  &  Brothers,  Some  of  the  members  visited  the 
works  of  the  Messrs,  Gurley,  makers  of  mathematical  instruments, 
and  various  places  of  interest  in  Cohoes,  After  this  excursion  the 
third  session  was  held  in  Keenan  Hall.  The  following  papers  were 
read  : 

A  Description  of  a  Chemical  Laboratory  erected  in  1863,  as  an 
adjunct  to  the  Experimental  Steel  Works  at  Wyandotte,  Michigan, 
by  W,  F.  Durfee,  of  Bridgeport,  Conn. 

The  Peach  Bottom  Slates  of  Southeastern  York  and  Southern 
Lancaster  Counties,  Pa,,  by  Dr.  Persifor  Frazer,  of  Philadelphia. 

A  Systematic  Nomenclature  for  Minerals,  by  H.  M.  Howe,  of 
Boston. 

A  Water-gas  Producer  at  Elgin,  111.,  by  P.  Barnes,  of  Joliet,  111, 

Dr,  Frazer  showed  at  this  session  a  platinum  anode,  which  had 
been  used  in  the  electrolytic  determination  of  copper,  and  which  was 
covered  with  a  dark  deposit,  Mr.  Mackintosh  thought  the  deposit 
was  probably  the  peroxide  of  lead  or  manganese. 

In  the  afternoon  the  concluding  session  of  the  Institute  was  held 
in  Keenan  Hall,  The  following  persons,  proposed  for  election  as 
members  and  associates  of  the  Institute,  and  approved  by  the  Council, 
were  then  unanimously  elected  : 
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MEMBERS. 


John  L.  Arts, 
Kiohanl  P.  Bloss, 
W.  M.  Chadvvick, 
P.  E.  Chapin,      . 
F.  F.  Cliisolm,    . 
Henry  S.  Chnroli, 
Torl)ert  Coryell,  . 
A.  H.  de  Camp, . 
Thomas  Dickson, 
John  Don,  . 
George  C.  Gardner, 
Edward  G.  Gilbert, 
Francis  B.  Griswold, 
AVilliam  Gurley, 
W.  B.  Hammond, 
Jonas  S  Heart t, 
"William  R.  Hills, 
C.  H.  Jouet, 
Edgar  B.  Kay,    . 
Arthur  H.  Keller, 
William  Kemp,  . 
Edward  O.  Knight, 
Paul  F.  Lohanoff, 
Harvey  S.  McLeod, 
John  Male, 
William  P.  Mason, 
Seeley  Mudd, 
Francis  A.  Ostrander, 
Robert  Peele,  Jr., 
Marion  Randolph, 
James  B.  Risque, 
E.  J.  Schmitz,     . 
Edwin  E.  Sluder, 
Max  Suppes, 
George  W.  Swett, 
Elwyn  Waller,    . 
Walter  P.  Warren, 
John  F.  Williams, 
John  J.  Williams, 
Thomas  W.  Yardley, 
Pope  Yeatman,  . 
W.  D.  Young,     . 


Troy,  N.  Y. 

Palmer's  Falls,  N.  Y. 

Bergen  Point,  N.  J. 

Johnstown,  Pa. 

Denver,  Col. 

Troy,  N.  Y. 

Lambertville,  N.  J. 

Musquodoboit  Harbor,  Nova  Scotia. 

New  York  City. 

Troy,  N.  Y. 

Chicago,  111. 

Troy,  N.  Y. 

Troy,  N.  Y. 

Troy,  N.  Y. 

Galena,  Dakota. 

Troy,  N.  Y. 

Albany,  N.  Y. 

Roselle,  N.  J. 

Troy,  N.  Y. 

Brooklyn,  N.  Y. 

Troy,  N.  Y. 

Troy,  N.  Y. 

Silverton,  Col. 

Troy,  N.  Y. 

Troy.N.  Y. 

Troy,  N.  Y. 

Ste.  Genevieve,  Mo. 

Troy,  N.  Y. 

Bloomfield,  N.  J. 

Albany,  N.  Y. 

Silver  City,  Col. 

New  York  City. 

Cerrillos,  N.  M. 

Troy,  N.  Y. 

Troy,  N.  Y. 

New  York  City. 

Troy,  N.  Y. 

Troy,  N.  Y. 

San  Francisco,  Cal. 

Troy,  N.  Y. 

Ste.  Genevieve,  Mo. 

Pittsburgh,  Pa, 


John  H.  Banks, . 
Howard  H.  Burden, 
Frank  W.  Edmunds, 
Austin  Gorham, . 
Edward  M.  Green, 
VOL.  XII. — 12 


ASSOCIATES. 

.  New  York  City. 

.  Troy,  N.  Y. 

.  Troy,  N.  Y. 
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Henry  Aug.  Hunicke,        .         .        .St.  Louis,  Mo. 

Edward  F.  Jackson,  ....  St.  Louis,  Mo. 

James  E..  Kinealy,      ....  Baden,  Mo. 

Jacob  M.  Rich, New  York  City. 

P.  Williamson  Eoberls,      .         .         .  Philadelphia. 

A.  T.  Shoemaker,       ....  New  York  City, 

George  Thompson,      ....  Troy,  N.  Y. 

C.  W.  Tillinghast,       ....  Troy,  N.  Y. 

J.  N.  Whitman, Pittsburgh,  Pa. 

The  status  of  Mr.  E.  L.  Herndon,  in  the  Institute,  was  changed 
from  associate  to  member. 

The  following  papers  were  read  at  this  session  : 

The  Physical  Properties  of  Coke  as  a  Fuel  for  Blast  Furnace  Use, 
by  John  Fulton,  of  Johnstown,  Pa. 

A  New  Method  of  Manufacturing  Sulphuric  Acid  and  Sulphate 
of  Copper,  by  A.  F.  Wendt,  of  New  York. 

These  papers  were  read  by  Mr.  Kirchhoff  in  the  absence  of  the 
authors. 

Notes  on  the  Serpentine  Belt  in  Chester  County,  Pa.,  and  Supple- 
mentary Pemarks  on  the  Rocks  of  South  Wales,  by  Dr.  Persifor 
Frazer,  of  Philadelphia. 

Boilers  and  Boiler  Settings  for  Blast  Furnaces,  by  F.  W.  Gordon, 
of  Pittsburgh,  Pa. 

Some  Canadian  Iron  Ores,  by  F.  P.  Dewey,  of  Washington,  D.  C. 

Notes  on  an  Experimental  Working  of  Silver  Ores  by  the  Leach- 
ing Process,  by  J.  H.  Clemes,  of  Falmouth,  England,  read  by  Mr. 
Kirchhoff  in  the  absence  of  the  author. 

The  following  translation  of  a  letter  to  H.  L.  Bridgman,  1203 
Locust  Street,  Des  Moines,  Iowa,  a  member  of  the  Institute,  from 
Bergrath  von  Groddeck,  Director  of  the  Royal  Prussian  Mining 
School,  Clausthal,  Germany,  was  read  by  the  Secretary,  and  recom- 
mended by  the  President  to  the  favorable  attention  of  the  members 
of  the  Institute. 

"Dear  Sir:  It  is  my  desire  to  procure  for  the  Academy  as  complete  a  collec- 
tion as  possible  illustrative  of  the  science  of  mineral  veins  and  deposits.  This 
collection  is  to  serve  in  part  in  illustration  of  my  lectures,  but  its  principal  object 
is  to  furnish  material  for  the  comparative  and  scientific  study  of  this  subject,  which 
is  of  the  Jiighest  importance  to  the  miner,  and  which  can  hardly  be  satisfactorily 
investigated  in  any  other  way. 

"The  collection  is  to  consist  of  specimens  from  as  many  mines  as  possible,  such 
specimens  being  in  sets,  showing  the  various  ores  of  the  mine,  any  minerals  it  may 
contain,  its  gangue  rocks,  country  rock,  and  particularly  anything  bearing  on  the 
genesis  of  the  ore  body,  such  as  stalactites,  pseudomorphs,  druses,  specimens  show- 
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ing  stratifietl  deposit  of  ore,  eto.,  etc.  On  tlie  other  liaml  specimens  having  simply 
their  l>eanty  to  recommend  them  are  of  less  importance. 

"  Whenever  convenient,  it  is  desired  that  specimens  shonld  be  abont  4  inches 
square ;  this,  however,  is  not  essential,  anything  with  a  bearing  on  the  subject  is 
acceptable,  reganlless  of  its  form  or  size. 

'■  Majvs,  geological  and  topographical,  sketches,  sections,  written  or  j)rintcd  data, 
in  short  anything  reliable,  and  conveying  information  as  to  the  ore-body  or  its 
surroundings,  should,  if  possible,  accompany  the  specimens." 

Accompanying  this  translation  was  a  letter  from  Mr.  Bridgman, 
offering  to  answer  any  lettere  that  might  be  addressed  to  him  on  the 
subject,  and  speaking  of  Bergrath  von  Groddeck  as  follows : 

"He  has,  for  a  number  of  years  past,  devoted  himself  almost  exclusively  to  the 
subject  of  ore-deposits,  and  is  recognized  in  Germany  as  one  of  the  few  worthy  fol- 
lowers of  von  Cotta.  He  has  already  accumulated  a  large  amount  of  information 
on  the  subject,  and  is  preparing  matter  for  publication.  There  can  be  no  question 
as  to  the  importance  of  his  work,  and  I  know  of  no  easier  or  surer  way  for  our 
American  mining  men  to  become  really  acquainted  with  the  geological  side  of  these 
ore  bo<lies,  than  to  avail  themselves  of  the  invitation  of  this  able  investigator.  He 
will  appreciate  any  effort  they  make  to  assist  him,  and  will  be  glad  to  furnish  them, 
as  promptly  as  possible,  with  any  information  they  may  ask  for.  Letters  may  be 
written  either  in  German  or  English ;  and  freiglit  or  express  on  specimens,  etc., 
shipped  to  the  Bergakademie,  Clausthal  am  Hartz,  Germany,  will  be  paid  there." 

The  following  papers  were  then  read  by  title : 

Roasting  Iron  Ores,  by  John  Birkinbine,  of  Philadelphia. 

Differential  Sampling  of  Coal  Seams,  by  Dr.  J.  P.  Kimball,  of 
Bethlehem,  Pa. 

Smelting  Xotes  from  Chihuahua,  Mexico,  by  Dr.  W.  Lawrence 
Austin,  Santa  Barbara,  Mexico. 

The  Colorimetric  Determination  of  Carbon  in  Steels,  by  A.  E. 
Hunt,  of  Pittsburgh,  Pa. 

The  followed  resolutions  were  then  introduced,  and  were  carried 
with  enthusiasm. 

Resolved,  That  the  heartfelt  thanks  of  the  Institute  be  tendered  to  the  citizens  of 
Troy,  and  to  the  following  individuals,  firms,  and  corporations,  for  their  generous  co- 
operation, and  the  hospitality  which  has  rendered  the  present  meeting  at  once  so 
profitable  and  so  delightful,  viz. :  The  Troy  Club,  the  Burden  Fron  Company,  the 
Albany  and  Rensselaer  Iron  and  Steel  Company,  the  Hudson  River  Ore  and  Iron 
Company,  the  New  York  Central  and  Hudson  River  Railroad  Company,  and  Messrs. 
James  A.  Burden,  I.  Townsend  Burden,  C.  E.  Kilmer,  the  Messrs.  Gurley,  Earl  & 
Wilson,  Sandford  &  Robinson,  and  Cluett  &  Brothers. 

Resolved,  That  the  thanks  and  congratulations  of  the  Institute  be  expressed  to 
the  Local  Committee,  in  view  of  the  thoroughness  and  skill  with  which  the  jjrepa- 
ration  and  details  of  this  meeting  have  been  organized  and  conducted,  and  the  ab- 
solute success  which  has  crowned  every  portion  of  the  committee's  plan. 
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President  Hunt  then  declared  the  meeting  adjourned. 

In  the  evening  there  was  a  subscription  dinner  in  Harmony  Hall. 

On  Friday  morning  at  10  o'clock,  the  members  of  the  Institute, 
and  the  ladies  accompanying  them,  together  with  many  ladies  and 
gentlemen  of  Troy,  took  a  special  excursion  train,  kindly  provided 
by  the  New  York  Central  and  Hudson  River  Railroad  Company, 
to  Burden  Station,  to  inspect  the  property  of  the  Hudson  River  Ore 
and  Iron  Company,  as  the  guests  of  the  company.  After  inspect- 
ing the  three  roasting  kilns  in  process  of  erection,  lunch  was  served 
on  board  the  train,  and  then  the  party  were  conveyed  in  open  cars, 
on  the  company's  railroad,  to  the  mines.  This  visit  was  made  under 
the  guidance  of  Mr.  James  A.  Burden,  President  of  the  company. 

The  following  members  and  associates  were  present  at  the  meeting : 


C.  T.  Arnberg. 
William  Atkins. 
Richard  D.  Baker. 
S.  W.  Baldwin, 
P.  Barnes. 
James  C.  Bayles. 
G.  H.  Billings. 
Henry  Binsse. 
John  Birkinbine. 
J.  H.  Bramwell. 
H.  W.  Bulkley. 
Henry  Burden. 
Howard  H.  Burden. 
I.  Townsend  Burden. 
James  A.  Burden. 
William  F.  Burden. 
H.  S.  Church. 
J.  B.  Church. 
Townsend  Church. 
C.  Constable. 
Ralph  Crocker,  3d. 
Gram  Curtis. 
W.  S.  de  Camp. 
A.  B.  de  Saulles. 
F.  P.  Dewey. 
John  Don. 
T.  M.  Drown. 
W.  F.  Durfee. 
T.  Egleston. 
J.  W.  Farquhar. 
Walton  Ferguson. 
Robert  Forsyth. 
Persifor  Frazer. 
John  Fritz. 


R.  C.  Fulton. 

F.  W.  Gordon. 
A.  G.  Gorham. 

J.  Wool  Griswold. 
William  Gurley. 
Alexander  Hamilton. 

G.  C.  Hewett. 
Albert  F.  Hill. 
Levi  Holbrook. 
H.  M.  Howe. 

W.  S.  Hungerford. 
A.  E.  Hunt. 
R.  W.  Hunt. 
J.  E.  Johnson. 
E.  B.  Kay. 
W^illiam  Kemp. 
C.  Kirchhoff,  Jr. 
Edward  O.  Knight. 
W.  B.  Kunhardt. 
L.  G.  Laureau. 
Nicholas  Lennig. 
Charles  Macdonald. 
J.  B.  Mackintosh. 
John  Male. 
Selden  E.  Marvin. 
W.  P.  Mason. 
De  Courcey  May. 
Edwin  Mickley. 
P.  W.  Moen. 

E.  S.  Moffat. 
S.  F.  Morris. 
H.  B.  Nason. 

F.  A.  Ostrander. 
I.  P.  Pardee. 
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Samuel  Peters. 

W.  I.  Pierce. 

J.  C.  Piatt,  Jr. 

Addison  C.  Kand. 

R.  W.  Kavmond. 

P.  Williamson  Koborts. 

Percival  Roberts,  Jr. 

C.  M.  Rolker. 

R.  P.  Roth  well. 

W.  H.  Soranton. 

H.  C.  Shaw. 

Alexander  II.  Sherrerd. 

J.  M.  Sherrerd. 

W.  L.  Saunders. 

C.  A.  Stetefeldt. 


George  W.  Swett. 
C.  W.  Tillinghast. 
II.  G.  Torrey. 
W.  W.  Van  Voorhis. 
W.  R.  Walker. 
AVillard  P.  Ward. 
Charles  G.  Weir. 
J.  N.  Whitman. 
J.  F.  Williams. 
S.  T.  Williams. 
Frank  S.  Witherbee. 
Dr.  Fr.  Mor.  Wolff. 
F.  W^  Wood. 
W.  D.  Young. 
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SMELTING  NOTES  FBOM  CHIHUAHUA,  MEXICO. 

BY  W.   LAWRENCE  AUSTIN,  PH.D.,   SANTA  BARBARA,   CHIHUAHUA, 

MEXICO. 

In  the  southwest  corner  of  tlie  State  of  Chihuahua,  hidden  up  in 
the  foothills  of  the  Sierra  Madre,  lies  Santa  Barbara,  a  small  collec- 
tion of  adobe  dwellings,  which  claims  for  itself  a  history  dating  back 
to  the  middle  of  the  sixteenth  century.  For  many  years  the  mining 
and  reduction  of  ores  have  occupied  the  attention  of  the  inhabitants 
of  this  region  ;  but  of  late,  former  activity  in  these  pursuits  appears, 
from  some  cause,  to  have  fallen  off.  Like  every  other  respectable 
old  ruin,  it  is  haunted  by  traditions  of  past  glories,  but  apart  from 
romance  the  engineer  can  find  much  of  interest  within  its  time- 
honored  precincts,  even  if  the  millions  represented  to  be  hidden  in 
its  mines  do  not  present  to  his  technical  vision  the  allurements  others 
see.  Occasionally  the  discovery  of  a  pocket  of  rich  ore  in  the 
vicinity  awakens  it  from  its  venerable  dreams,  and  it  was  such 
an  occurrence  that  led  the  writer  recently  to  intrude  on  its  seclu- 
sion. 

This  district  was  of  mature  growth,  and  is  lasting  in  its  old  age, 
differing  somewhat  in  this  respect  from  our  Western  regions. 
Where  the  American  will  move  on  in  search  of  better  things,  the 
Mexican  remains  cherishing  the  history  of  bygone  palmy  days. 
The  decadence  of  the  industry  here  may  be  traced  to  several  causes, 
among  which  are  the  exhaustion  of  the  docile  surface  ores ;  the 
primitive  methods  of  reduction,  which  do  not  admit  of  operations 
on  an  extended  scale,  in  other  words,  the  economical  reduction  of 
the  ore;  and  lastly,  the  lack  of  systematic  development  of  the  mines 
themselves,  which  prevents  the  extraction  of  these  low-grade  ores 
when  connected  with  any  serious  expense. 

The  appearance  of  the  veins  is  imposing.  Huge  quartzose  ledges, 
carrying  zinc-blende,  galena,  and  the  various  pyrites  as  impregna- 
tions and  seams,  cut  through  the  country  rock  for  miles,  their  jagged 
outcroppings  occupying  a  prominent  place  in  the  landscape.  They 
present  some  features  which  might  cause  a  metallurgist  to  reflect 
before  embarking  in  any  scheme  for  their  reduction.     Zinc  blende 
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predominates ;  iron  ores  are  wanting,  if  we  except  the  pyrites  ;  the 
local  supply  of  fuel  is  limited  to  a  certain  amount,  too  small  for 
ambitious  designs ;  the  gangue  is  quartz  pure  and  simple,  and  the 
average  assay  shows  a  very  low  grade  of  ore.  Such  objections  may 
have  been  among  the  reasons  why  so  many  of  these  mines  have  lain 
idle  these  many  years,  so  that  now,  upon  inquiry  as  to  who  made 
the  enormous  excavations,  a  shrug  of  the  shoulders,  and  the  response 
'' los  antiguos,"  are  all  that  can  be  elicited. 

Some  of  the  descendants  of  these  mystic  beings,  more  ambitious 
than  their  fellows,  earn  a  livelihood  by  hand-sorting,  or  concentrat- 
ing the  better  portion  of  what  their  ancestors  left  behind,  preferring 
this  to  starvation,  which,  from  all  accounts,  has  been  until  now  their 
only  alternative. 

The  concentration  is  carried  on  in  what  is  termed  a  planilla;  that 
is,  a  man  goes  to  the  brook,  or,  rather,  to  a  point  where  the  brook 
pokes  its  head  up  through  the  waste  of  the  river-bed — for,  in  the  dry 
season,  the  current  is  usually  hidden  from  view — levels  off  a  space 
4  feet  by  4  feet  on  the  bank,  and  paves  it  with  flat  stones,  giving  the 
whole  a  slight  inclination  toward  the  water.  He  then  surrounds 
three  sides  with  a  wall  of  other  flat  stones,  set  on  edge,  about  12 
inches  high,  places  his  fine  ore  in  the  upper  end,  stands  off  in  the 
stream  and  bails  the  water  on  to  the  aforesaid  mineral,  throwing  it 
in  such  a  way  as  to  cause  the  whole  mass  to  be  lifted  by  it.  The 
lighter  particles  are  borne  away  by  the  returning  current,  while  those 
of  sufficient  specific  gravity  remain  behind.  In  this  simple  appa- 
ratus the  desired  separation  of  the  quartzose  matter  is  effected  quite 
sufficiently  for  smelting  purposes,  although  there  is  naturally  a  con- 
siderable loss  of  the  valuable  minerals.  The  greater  part  of  the 
ore  smelted  is  hand-sorted  only,  obtained  by  following  the  best 
streaks  of  mineral  in  the  mines,  and  selecting  therefrom  again  the 
most  valuable  portion. 

At  present  there  are  twelve  blast  furnaces  in  operation  in  Santa 
Barbara,  each  of  one  ton  capacity,  but  eleven  of  these  are  running 
on  ores  brought  from  outlying  mines,  or  other  districts,  and  yield, 
in  their  concentrated  form,  36  ounces  to  66  ounces  per  ton.  A  smel- 
ter of  considerable  experience  in  this  district  assured  me,  that  ores 
containing  less  than  40  ounces  to  the  ton  cannot  be  profitably  worked, 
but  that  as  soon  as  they  reach  53  ounces  they  are  in  bonanza. 

The  largest  works  in  Santa  Barbara,  in  fact,  the  only  ones  of 
any  consequence,  are  leased  and  operated  by  Mr.   A.  B.  Sawyer, 
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and  the  followinp;  notes  are  mainly  condensed  from  information 
furnished  within  those  adobe  walls.  Here  are  in  operation  eleven 
shaft  furnaces  and  four  cupellation  hearths,  all,  together  with  the 
buildings,  constructed  of  adobes,  /.  c,  sun-dried  brick.  These 
adobes  are  usually  9  inches  by  18  inches,  and  A\  inches  thick,  but 
larger  ones  are  used,  in  covering  the  cupelhition  hearths,  for  instance, 
which  are  30  inches  by  12  inches,  and  3.}  inches  thick.  One  man 
can  make  about  seventy-five  of  these  first-named  adobes  in  a  day, 
and  is  paid  60  cents  wages,  so  that  they  come  to  something  under 
one  cent  each. 

The  following  measures  of  weight  and  value  will  be  given  in 
avoirdupois  pounds  and  United  States  coin.  The  Spanish  pound 
does  not  vary  enough  from  the  American  unit  of  the  same  name  to 
make  any  essential  difference  in  these  calculations,  and  the  Mexican 
copper  currency  dollar,  which  alone  is  in  circulation  in  this  divstrict, 
is  calculated,  to  avoid  small  fractions,  as  the  equivalent  of  80  cents 
United  States  coin,  whereas  in  reality  it  is  worth  nearly  81  cents. 

The  adobes  used  in  furnace  construction  are  made  from  selected 
clay,  of  a  red  color,  free  from  small  stones.  They  can  be  laid  in  wall 
at  about  $16  per  thousand.  The  furnaces  are  set  in  pairs,  under 
hoods  or  domes,  about  thirty  feet  high,  and  discharge  their  fumes, 
smoke,  etc.,  through  their  open  tops  into  the  working  spaces.  Thes€ 
domes  require  for  their  construction  1500  adobes,  and  cost  about 
§40,  independent  of  the  price  of  the  adobes.  The  furnaces  are  con- 
structed by  building  up  adobes  from  the  floor  to  the  height  of  7  or 
8  feet,  leaving  a  rectangular  shaft,  inclosed  on  three  sides,  but  with 
the  fourth  free.  This  shaft,  from  the  top  downward  for  four  or  five 
feet,  is  of  small  dimensions,  and  constitutes  the  shaft  of  the  furnace; 
below  this  it  widens  out.  When  the  furnace  is  ready  for  blowing- 
in,  the  fourth  side  of  the  shaft  is  walled  up,  and  the  enlargement 
below  tamped  solid  with  clay.  The  bottom  of  the  shaft  slopes  out- 
ward and  forms  a  basin,  partially  outside  the  furnace,  in  which  the 
molten  products  from  the  furnace  fall  and  separate.  This  basin  or 
slag  bath  is  divided  by  the  adobes  of  the  front  wall  of  the  shaft 
which  dips  below  its  surface  about  an  inch.  The  shaft,  when  bricked 
in  and  ready  for  operations,  has  the  following  dimensions:  4  feet 
from  tuyere  to  top,  12  inches  from  tuyere  to  surface  of  slag-bath,  12 
inches  square  at  tuyere  and  18  inches  square  at  top.  The  tuyere 
(2|-inch  nozzle)  is  fitted  into  a  copper  plate  (18  inches  by  29  inches) 
which  constitutes  the  lower  back  of  the  furnace;  but  usually  porphy- 
ritic  rock  is  used  for  this  purpose.     A  pair  of  these  furnaces,  from 
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the  floor  up,  require  for  their  construction  about  500  adobes,  and  two 
days'  labor,  divided  as  follows  : 

Cost  of  Constructing  one  Pair  of  Shaft  Furnaces. 

One  mason  at  80  cents, $1  60 

Two  helpers  at  40  cents, 80 

Two  boys  at  20  cents, 40 

$2  80 

Tamping  in  crucibles : 

Six  men  at  40  cents,  two  days, 4  80 

500  adobes  at  1  cent, 5  00 

Clay  and  sundries, 1  40 

Total, $14  00 

This  represents  the  total  cost  of  a  pair  of  furnaces,  exclusive  of 
tuyeres  and  copper  back  (which  is  not  necessary),  and  divided  by 
two,  puts  the  cost  of  each  singly  at  $7. 

Operations  are  conducted  as  follows:  Charges  are  laid  out,  each 
of  150  pounds,  made  up  of  75  pounds  of  ore  and  75  pounds  of  lith- 
arge. With  these  150  pounds  are  charged  150  pounds  slag  and  45 
pounds  charcoal,  i.e.,  the  fuel  is  60  per  cent,  of  the  ore  charges,  rather 
more  than  less.  This  whole  amount  is  not  charged  at  once,  but 
doled  out  in  hatfuls  to  the  little  furnace.  The  mouth  of  the  shaft 
is  kept  free  from  sparks.  Blast  is  supplied  at4J-inch  pressure  (water) 
for  nineteen  2J-inch  nozzles,  by  a  No.  6  Sturtevant  fan.  Bullion, 
matte,  and  slag  flow  continuously  into  the  sumps,  separating  there ; 
a  crust  of  slag  is  removed  as  often  as  it  chills,  and  the  other  products 
are  tapped  off  as  often  as  a  new  charge  is  begun. 

Oak  charcoal  is  used  exclusively,  and  costs  $8  per  ton,  pine  char- 
coal being  considered  too  light  for  the  work.  From  1100  to  1300 
tons  of  charcoal  are  consumed  in  these  works  per  annum.  From 
another  source  I  learn  that  the  total  consumption  of  charcoal  in 
Santa  Barbara  mining  district  in  1882  was  1750  tons,  which  amount 
represented  all  that  could  be  produced.  This  gives  an  insight  into 
the  amount  of  ore  yearly  beneficiated  in  the  district.  Accepting,  as 
it  is  variously  estimated,  the  fuel  to  represent  from  60  per  cent,  to 
65  per  cent,  of  the  ore  smelted,  we  find  this  latter  element  covered 
by  figures  lying  somewhere  between  2700  tons  and  3000  tons,  1000 
tons  of  which  are  brought  in  from  other  districts. 
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Cost  of  Smelting  one  Ton  of  Ore. 
Labor: 

2  smelters  at  60  cents $120 

2  chargers  at  20  cents,        ......        40 

Laying  out  charges 10 

Carrying  away  slag,    .......         10 

Koustabouts, 20 

$2  00 

60  per  cent,  of  ore  charge, 

.     4  80 

Total, 

$G  80 

This  is  exclusive  of  general  expenses,  blast,  repairs,  and  superin- 
tendence. 

In  treating  some  ores  ("  San  Francisco  del  Oro  "  mine,  for  instance), 
which  carry  heavy  amounts  of  zinc-blende,  a  loss  of  25  per  cent,  of 
the  litharge  charge  occurs.  This  material  is  brought  from  a  distance, 
and  costs,  laid  down  at  the  works,  $42  per  ton.  As  equal  amounts 
of  litharge  and  ore  are  charged  into  the  furnace  this  loss  augments 
the  cost  of  smelting  $10.50  per  ton,  which,  added  to  the  $6.80  above, 
brings  the  total  up  to  §17.30  per  ton.  Probably  the  expenses  for  mo- 
tive power,  preparation  of  ore,  and  general  outlays  connected  with  the 
works,  will  increase  these  figures  to  $18.50,  exclusive  of  refining,  i.e., 
when  treating  "  black  jack  "  ores.  From  data  obtained  at  another 
smaller  establishment,  when  galena  ores  were  formerly  operated  upon, 
the  total  cost  of  smelting,  per  ton,  summed  up  as  follows : 

Labor, $2  80 

Fuel, 5  20 

Motive  power, 2  00 

Total, •  .  $10  00 

Both  of  these  estimates  are  rather  crude.  The  cost  of  repairs  on 
furnaces  is  not  included,  neither  are  any  of  the  little  expenses  inci- 
dental to  metallurgical  operations  of  this  kind.  But  the  main  items, 
fuel  and  labor,  are  sufficiently  near  for  practical  purposes,  and  the 
fact  is  made  clear,  that  in  these  little  shaft  furnaces,  to  construct 
which  costs  a  merely  nominal  sum,  very  refractory  sulphuretted  ores 
are  successfully  smelted  without  preliminary  roasting,  at  a  cost  of 
from  88  to  $10  per  ton.  AYhere  almost  pure  zinc-blende  is  treated, 
and  a  heavy  loss  in  the  fluxing  litharge  occurs,  these  figures  are 
doubled.     When  a  moderate  amount  of  galena  is  present  in  the  ore. 
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the  litharge  constantly  accumulates,  and  is  sold.  A  knowledge  of 
these  facts  would  often  help  our  Western  prospectors  in  developing 
their  claims,  where  they  now  sit  idly  by  awaiting  the  often  tardy 
advent  of  capital.  The  nature  of  the  material  from  which  these 
furnaces  are  built  does  not  admit  of  long  campaigns;  usually  they 
last  but  ten  or  twelve  days. 

Cupellation  hearths,  built  also  of  adobes,  are  used  to  refine  the 
base  bullion  produced  by  the  shaft  furnaces.  These  are  very  simple 
in  construction,  requiring  only  a  few  adobes,  some  ashes,  and  clay. 

Cost  of  Constructing  one  Fair  of  Cupellation  Hearths. 

Ashes  for  tests : 

1800  pounds  for  two  furnaces, $1  60 

Labor  used  in  construction  : 

1  mason,  one  day,  at  80  cents,  .        .        .        .        .    $0  80 
3  men,  one  day,  at  40  cents, 1  20 

2  00 

Labor  putting  in  tests  : 

1  man  at  80  cents, $0  80 

3  men  at  40  cents, 1  20 

2  00 

Clay  for  tests : 

600  pounds, .  80 

200  adobes, 1  60 

Total, $8  00 

The  adobes  which  serve  as  roofing  are  somewhat  larger  than  the 
others,  being  30  inches  by  12  inches  and  3|  inches  thick.  They  are 
made  from  selected  clay,  and  dried  under  cover  so  as  not  to  show 
sun-cracks ;  they  stand  four  weeks.  The  tests  are  made  of  ashes 
taken  from  the  ash-pit  of  the  furnace  itself,  and  mixed  with  sifted 
clay,  in  the  proportion  of  3  parts  (by  measure)  of  the  former  to  1 
part  of  the  latter.  Oak  -wood  ashes  are  preferred,  as  they  do  not  cut  out 
so  readily,  and  the  tests  are  tamped  in  very  firmly,  wooden  poles  being 
used' for  this  purpose.  The  furnace,  when  complete,  occupies  a  space 
5  feet  wide  by  5  feet  high  and  8  feet  long,  the  test  holding  about 
750  pounds  of  base  bullion  and  matte.  The  matte,  which  forms  in 
a  thin  cake  upon  the  surface  of  tiie  lead,  when  tapped  from  the  shaft 
furnace,  is  thrown  in  upon  tiie  bath  while  refining,  and  runs  down 
with  it.  This  dissolving  of  the  metallic  oxides  in  the  litharge 
constitutes  the  main  expense  of  the  operation,  consuming  much 
time  and  fuel.     Six  marks  of  silver,  at  8  ounces,  result  from  cu- 
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pelling  1500  pounds  of  a  mixed  charge  of  lead  and  matte,  the 
whole  operation  lasting  twelve  hours.  Oak  wood  is  used  as  fuel, 
costing  20  cents  per  200  pounds.  A  test  of  this  description  requires 
to  be  rebuilt  every  month,  slight  repairs  being  necessary  after  every 
charge. 

Cost  of  Be/iniug  3000  Pounds  of  Lead  and  Matte. 

One  d.iy's  run : 

2  refiners  at  60  cents, $1  20 

Fuel,  ISOO  pounds  oak, 1  80 

Labor 50 

Materials  used  in  repairs, 10 

Total,  .         .         . $3  60 

This  estimate  for  fuel  is  rather  low,  and  it  might  be  well  to  add 
$1.20  to  the  above  figures,  so  as  to  include  surplus  fuel,  rebuilding, 
blast,  and  other  incidental  expenses.  Still,  then,  Ave  have  the 
astonishingly  low  result  of  §1.80  for  3000  pounds,  or  $3.20  per 
ton.  The  loss  in  lead  during  this  operation  amounts  to  11  per  cent. 
The  silver  obtained  is  melted  down  in  a  furnace  similar  to  those 
used  throughout  our  Western  country  for  a  like  purpose,  but  built 
of  adobes.  In  the  place  of  costly  graphite  crucibles,  old  quicksilver 
flasks  are  made  use  of  in  this  melting,  a  flask  lasting  for  fifteen  to 
twenty  bars,  according  to  the  strength  of  the  welding,  The  bars 
are  not  allowed  t9  contain  over  1080  ounces,  and  by  using  two  flasks 
and  one  furnace  twenty  can  be  cast  in  one  day.  Pine  coal  is  used 
in  the  melting  furnace.     The  bar  silver  runs  from  .970  to  .980  fine. 

The  ore,  heavy  in  zinc,  is  partially  roasted  in  kilns  at  the  mines 
before  being  brought  to  the  smelters.  These  kilns  are  10  feet  high, 
12  feet  long,  and  4  feet  broad.  On  the  bottom  are  two  air  canals, 
covered  with  pieces  of  strap-iron  set  on  edge,  which  act  as  grate- 
bars.  On  these  wood  is  piled  a  foot  high,  which,  in  turn,  is  covered 
with  ore,  about  15  tons,  until  the  kiln  is  two-thirds  full.  One  other 
layer  of  wood  having  been  thrown  in  about  the  middle  of  the  charge 
the  front  of  the  kiln  is  sealed  up  and  the  charge  fired.  The  exit 
for  the  fumes  is  quite  small,  in  order  to  limit  the  access  of  air  from 
below.  The  ore  loses  about  10  per.  cent  of  its  weight  during  this 
operation,  which  is  represented  to  cost  22  cents  per  ton.  The  oak 
wood  used  is  approximately  2  per  cent,  to  4  per  cent,  of  weight  of 
the  ore  charged,  and  costs  $2.20  per  cord. 

The  entire  cost  of  the  roasting,  smelting,  and  refining  operations 
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to  which  this  rebellious  ore  is  subjected,  sums  up  to,  approximately, 
$20  per  ton,  the  product  being  bar  silver,  .980  fine. 

The  system  is  characterized  by  two  features, — the  small  quantity 
of  material  it  is  possible  to  operate  upon,  and  the  consequent  waste 
of  time;  it  has,  therefore,  little  to  recommend  it,  except  for  opera- 
tions on  an  experimental  scale.  It  owes  its  success  mainly  to  cheap 
fuel  and  labor,  but  both  of  these  commodities  are  limited,  and  pre- 
vent extended  operations.  Lead  is  sacrificed  because  of  the  absence 
of  iron ;  still,  when  we  consider  the  quality  of  the  material  treated, 
the  small  amount  of  lead  ore  mixed  with  zinc-blende  and  antimonial 
and  arsenical  compounds,  the  result  is  very  creditable. 

At  one  small  works  I  found  them  working  the  blast  by  man  power, 
the  whole  concern  being  of  hoine  manufacture,  bellows,  furnace,  and 
all! 

I  am  indebted  to  Messrs.  Beckman  &  Storck,  of  Santa  Barbara, 
for  much  of  the  metallurgical  information  contained  in  the  above. 
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BY  FRED.    P.   DEWEY,   WASHINGTON,   D.  C. 

The  iron  ores  of  Canada  have  attracted  more  or  less  attention  in 
this  country  for  a  number  of  years  ;  and  having  had  an  opportunity 
this  past  summer  to  examine  some  of  them,  especially  the  magnetic 
ores,  I  have  thought  it  might  be  of  sufficient  interest  to  the  members 
of  the  Institute  to  put  on  record  some  of  my  observations. 

The  region  examined  contains,  for  the  most  part,  only  the  rocks 
of  the  Laurentian  system.  Much  of  it  was  originally  covered  with 
a  dense  growth  of  pine,  which  interfered  with  successful  prospecting 
for  ores.  However,  after  the  best  of  the  timber  had  been  cut  off, 
fire  generally  got  into  the  bush  and  cleared  it  up  pretty  well.  This, 
besides  making  travelling  about  easier,  exposed  large  surfaces  of  rock, 
and  rendered  the  work  of  the  prospector  far  more  liable  to  be  re- 
warded with  success,  while  removing  many  of  its  hardships.  The 
general  appearance  and  productiveness  of  the  land  have,  however, 
been  far  from  improved  by  this  process.  It  would  be  difficult  to 
find  a  more  desolate-appearing  country  than  some  of  these  pine 
woods  after  fire  has  been  through  them. 

The  country  examined  may  be,  for  convenience,  divided  into  two 
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sections:  the  one  in  Ottawa  and  Pontiac  counties,  in  the  province  of 
Quebec,  beginning  at  the  Haycock  location,  northwest  of  Ottawa, 
and  continuing  up  the  Ottawa  River  to  the  Atle  location,  in  the 
township  of  Bristol ;  and  the  other  south  of  the  Ottawa  River,  and 
east  of  the  Kingston  and  Pembroke  Railway,  in  the  counties  of 
Lanark,  Leeds,  and  Froutenac,  in  the  province  of  Ontario. 

The  Haycock  Mine. 

This  mine  is  located  in  the  northeast  portion  of  the  township 
of  Terapleton,  about  eight  miles  east  of  the  Gatteneau  River, 
and  about  twelve  miles  from  the  City  of  Ottawa.  The  occur- 
rence of  the  ore  is  very  remarkable.  The  ore  consists  of  hematite, 
with  a  considerable  amount  of  magnetite,  and  is  remarkably  pure. 
It  is  verv  hard  and  compact,  showing,  in  some  cases,  distinct  cleav- 
age; but  most  of  it  occurs  in  lumps,  from  the  size  of  a  walnut  up  to 
a  few  cubic  yards,  scattered  through  the  rock,  which  is  a  very 
coarsely  crystalline  aggregate  of  a  pinkish  felspar  and  quartz,  with 
rarely  a  small  amount  of  hornblende,  and  mostly  in  association  with 
the  felspar.  One  especially  curious  feature  was  aptly  described  by 
mv  guide,  who  said,  "  It  looked  as  if  a  ladleful  of  molten  ore 
had  been  dashed  down  upon  the  surface  of  the  rock."  There  is 
more  or  less  apparent  parallelism  in  the  occurrence  of  the  ore-bodies, 
but  there  were  few  indications  of  a  well  defined  and 'permanent 
deposit. 

There  was  one  good-sized  opening,  besides  a  number  of  small  pits, 
from  which  perhaps  2000  tons  of  ore  had  been  extracted;  but  the 
mining  must  have  been  rather  expensive,  and  from  the  small  and 
isolated  nature  of  the  ore-bodies  must  be  very  uncertain.  Notwith- 
standing this,  a  forge  of  four  fires  had  been  built  in  which  some  very 
good  blooms  were  made,  and  four  large  charcoal  kilns  had  been 
built,  also  a  tramway  to  the  old  furnace  at  Hull.  All  these  works, 
however,  have  been  out  of  use  for  several  years,  and  are  rapidly 
going  to  decay.  The  composition  of  the  ore  in  selected  samples  is 
given  by  the  following  analyses  from  the  Canadian  Geological 
Survey* 


FeO, 

MnO, 

CaO, 

MgO, 

P2O5, 


88.08  89.80  85.45 

6.86  7.06  5.24 

0.24  trace  0.15 

0.55  trace  0.41 

0.13  0.22  0.17 

0.16  trace  0.13 


*  22d  Rep.of  Prog.  Can.  Geol.  Sur.,  1873-74,  p.  226. 
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S 0.03  trace  0.07 

TiO^,  ....  3.17  2.34  2.12 

C,        .        .         .        .  0.35  0.43  0.28 

Insoluble,    .        .        .  0.26  0.11  5.77 

99.83  99.96  99.79 

Fe,      .        .         .        .     66.98  68.34  63.88 

Analyst,  Professor  E.  J.  Chapman. 

The  Hull  Mines. 
Iron  ore  has  been  mined  at  Hull,  Quebec,  with  varying  degrees 
of  activity,  for  more  than  twenty-five  years,  the  product  having 
been  between  sixty  and  seventy  thousand  tons.  At  the  time  of  my 
visit  work  had  been  temporarily  suspended,  awaiting  the  completion 
of  the  Gatteneau  River  Railway,  which  will  pass  within  a  short  dis- 
tance of  the  Forsythe  mine,  so  that  the  principal  shaft  was  full  of 
water,  and  no  direct  observations  could  be  made  underground. 
The  ore  occurred  in  a  series  of  outcrops  in  a  general  east  and  west 
direction.  Many  of  these  outcrops  were  small,  and  had  been  worked 
out  after  having  produced  a  few  hundred  tons  of  ore.  The  prin- 
cipal mine,  the  Forsythe  or  Old  Ironsides,  has  produced  about  60,000 
tons,  and  is  said  to  have  considerable  ore  yet  in  sight  in  the  lower 
workings.  On  the  surface  it  showed  a  width  of  15  to  35  feet  in  a 
cut  100  feet  long.  The  occurrence  of  the  ore  here  is  also  peculiar, 
being  entirely  in  a  very  impure  limestone,  the  latter  being  associated 
with  a  hornblendic  gneiss.  The  limestone  is  white  and  crystalline, 
and  the  principal  impurities,  which  form  a  considerable  portion  of 
the  whole  mass,  are  a  light  green  pyroxene,  quartz  and  graphite. 
The  ore  is  of  two  kinds,  the  black  magnetite  ore  and  the  so-called 
red  ore,  which  is  a  mixture  of  magnetite  and  hematite.  It  is  hard 
and  compact,  with  imperfect  cleavage,  and  generally  shows  a  con- 
siderable number  offtakes  of  graphite  on  a  fresh  fracture.  Cavities 
showing  well-crystallized  calcite  are  also  common.  This  ore,  be- 
sides being  shipped  to  the  United  States,  was  smelted  in  the  old 
charcoal  furnaces  at  Hull*  (size  38  by  10|),  and  produced  some 
excellent  iron.  The  composition  of  the  charge  was  very  poorly 
calculated,  for  besides  limestone,  considerable  amounts  of  clay  and 
siliceous  sand  were  used,  which  were  entirely  unnecessary,  not  only 
decreasing  the  capacity  of  the  furnaces,  but  also  increasing  the  con- 
sumption of  charcoal,  which  was  excessive,  being  235  bushels  per 
ton.  The  following  analyses  were  taken  from^  the  Canadian  Geo- 
logical Survey  Report.^ 

*  Dr.  T.  S.  Hunt,  18tli  Rep.  of  Prog,  of  Can.  Geol.  Sur.,  1866-67. 
t  22d  Rep.  of  Prog.  Can.  Geol.  Sur.,  1873-74,  p.  211. 
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Rod  Ore. 

I. 

FeA, 

06.20 

FeO, 

17.78 

Mn, 

trace 

A  1,0,.       . 

.... 

CaO, 

1.85 

-MgO,        .         . 

0.18 

P,      .        .        . 

.       0.015 

S,      .        .        . 

0.28 

CO,,         .        . 

1.17 

SiO.,         .        . 

11.11 

TiOo. 

none 

Grapliite, 

0.71 

11,0, 

99.295 

Fe,     . 

.  60.17 

lysts,  .         .         .  Dr 

T.  S.  Hunt 

Black  Ore 

Slack  Ore. 

(picked 

specimeu.s) 

II. 

III. 

}  73.90 

I 

93.82 

none 

0.12 

0.61 

0.79 
0  45 

1.88 

0.94 

0.027 

0.08 

0.085 

0.11 

20.27 

3.75 

none 

3.27 

100.042  100.06 

53.51  07.94 

Dr.  T.  S.  Hunt.   Prof.  C.  F.  Chandler. 


Bristol  Mines. 

Following  up  the  Ottawa  River  from  the  Hull  mines  there  are 
several  occurrences  of  iron  ore,  but  we  find  little  development  until 
we  come  to  Bristol.  In  this  township,  on  the  farm  of  Charles  Ade 
and  the  adjoining  farm,  there  are  several  good  outcrops  of  ore,  and 
the  magnetic  attraction  is  very  strong  over  a  considerable  area. 
The  relationship  between  the  outcrops  is  somewhat  complicated,  and 
more  work  is  needed  to  establish  it  clearly.  About  ten  years  ago 
two  openings  were  made  from  which  perhaps  3000  tons  of  material 
were  taken.  The  ore-body,  which  occurs  in  a  fine-grained  horn- 
blendic  gneis.s,  at  times  very  coarsely  crystalline,  is  made  up  of 
tough  black  hornblendic  rock,  with  very  pure  ore  scattered  through 
it.  The  ore  is  fine-grained  and  granular,  and  rich  in  iron.  Much 
of  it  has  a  fine  blue  tarnish  from  exposure  ;  it  contains  numerous 
seams  and  bunches  of  cupriferous  iron  pyrite,  making  it  quite  high 
in  both  sulphur  and  copper.  It  also  contains  considerable  dissemi- 
nated light-colored  hornblende,  and  an  occasional  seam  of  calcite. 
This  mine  is  at  present  too  far  from  transportation  to  be  worked 
profitably;  but  a  projected  railway  will  run  within  a  short  distance 
of  it.     The  ore  is  of  the  following  composition  :* 


Fe,03 

FeO, 

Fe.S^ 


05.44 

14.50 

2.74 


22d  Rep.  of  Prog.  Can.  Geol.  Sur.,  1873-74,  p.  208. 
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MnO, 

AlA. 

CaO, 

MgO, 

SiOj, 

CO,,  . 

P.O., 

TiO,, 

H,0, 


0.11 
0.60 
3.90 
0.45 
11.45 
1.64 
traces 
none 
0.14 


100.97 

Fe, 58.37 

S, 1.46 

Analyst,  Dr.  B.  J.  Harrington. 

Localities  South  of  the  Ottawa  River. 
Of  these  localities  a  division  can  be  made  into  two  classes ;  the 
openings  which  were,  made  about  ten  years  ago,  and  upon  which 
there  has  been  no  recent  work,  all  of  them  at  some  distance  from  the 
Kingston  and  Pembroke  Railway  ;  and  the  mines  in  active  operation 
directly  on  the  line  of  the  railway.  The  former  were  made  upon  the 
outcrops  of  small  bodies  of  ore,  and  were  worked  crudely  and  inter- 
mittently. The  ore  was  generally  mined  and  taken  away  in  winter, 
when  hauling  is  cheap.  In  several  cases  a  few  hundred  tons  of 
ore  exhausted  the  opening,  and  a  new  one  was  started  close  by, 
but  in  no  place  were  there  any  indications  of  a  large  or  perma- 
nent deposit  of  ore,  and  in  no  case  was  the  raining  carried  to  any 
great  depth.  The  openings  on  the  shores  of  Christie's  Lake,  in  South 
Sherbrooke,  offer  a  most  desirable  location  for  large  and  active 
mining  operations,  being  on  a  considerable  cliff  with  steep  sides, 
affording  easy  access  and  abundant  dumping-ground.  But  the 
amount  of  ore  seems  to  be  limited  ;  and  the  locality  is  chiefly  inter- 
esting for  the  variety  of  minerals  thrown  out,  amongst  which  may 
be  mentioned  pyroxene,  scapolite,  sphene,  a  pink  calcite,  and  an 
occasional  crystal  of  apatite.  The  rock  is  a  hornblendic  gneiss  of  a 
curiously  banded  structure,  due  to  the  accumulation  of  hornblende 
in  certain  narrow  layers.  The  ore  is  coarsely  crystallized,  coarse 
octahedrons  being  quite  common,  or  compactly  massive,  with  octa- 
hedral cleavage,  well  developed,  and  is  of  the  following  compo- 
sition :* 

FegO^, 90.61 

TiOj, 2.83 

PA 0.05 

Fe, 65.62 

Analyst,  Dr.  B.  J.  Harrington, 


*  22d  Rep.  of  Progress  Can.  Geol.  Sur.,  1873-74,  p.  210. 
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From  the  Fournier  openings  in  South  Shcrbrookc  a  considerable 
amount  of  ore  has  been  taken,  one  of  the  openings  being  100  feet 
deep.  The  ore-body  is  iu  the  same  hornblendic  gneiss,  and  consists 
of  tough  hornblende  rock  with  the  ore,  which  is  very  hard  and  com- 
pact, showing  indistinct  cleavage  and  an  occasional  seam  of  pyrite. 
The  percentage  of  iron,  as  determined  by  Dr.  Harrington,  is  59.55. 

From  the  Bygrove  mine,  also  in  South  Sherbrooke,  at  the  foot  of 
Bob's  Lake,  a  considerable  amount  of  interesting  mineralogical  ma- 
terial was  taken,  but  the  ore  appeared  to  be  scattered  in  small  veins 
through  the  rock,  the  whole  mass  not  being  very  rich.  Among  the 
minerals  observed  may  be  mentioned  hornblende,  pyroxene,  scapo- 
lite,  pink  calcite,  and  cupriferous  pyrite.  The  percentage  of  iron, 
as  determined  by  Dr.  Harrington,  is  59.59. 

On  the  very  edge  of  Spectacle  Lake,  in  North  Crosby,  near  West- 
port,  an  opening  12  feet  deep  had  been  made.  From  this  a  consid- 
erable amount  of  a  fair  ore  containing  cupriferous  pyrite  had  been 
taken,  and  from  an  adjoining  lot  more  of  the  same  kind  had  been 
extracted. 

The  mines  in  active  operation  are  in  the  immediate  vicinity  of  the 
Kino^ston  and  Pembroke  Railwav.  There  is  great  similaritv  in  the 
occurrence  of  the  ore ;  and  a  few  words,  by  way  of  general  intro- 
duction, will  apply  to  all. 

The  ores  in  general  are  fine-grained,  hard,  and  compact ;  consist 
of  magnetite  in  intimate  association  with  more  or  less  hornblendic 
and  chloritic  material,  and  frequently  show  a  banded  appearance. 
They  also  contain  considerable  calcite  and  dolomite,  finely  dissemi- 
nated and  in  bunches.  The  only  apparent  difference  in  different 
localities  is  the  presence  of  more  pyrite  in  some  than  in  others. 

The  veins  vary  in  thickness  from  a  few  feet  up  to  40,  with  a  gen- 
eral northeast  and  southwest  strike,  and  a  25  to  40  degrees  dip  to 
the  southeast.  The  walls  are  very  persistent,  being  the  same  with 
one  exception  in  every  case,  the  formation  being  the  Laurentian. 
The  foot-wall  is  a  v,'hite,  moderately  crystalline  limestone,  with  a 
considerable  percentage  of  magnesia;  it  also  contains  considerable 
white,  crystalline,  glassy  quartz;  a  silver-white  mica,  and  an  occa- 
sional speck  of  graphite.  It  is  very  uneven,  rising  and  falling  fre- 
quently, with  a  wavy  surface,  which  accounts  for  much  of  the  varia- 
tion in  the  thickness  of  the  veins. 

The  hanging-wall  presents  many  variations  in  texture,  tint,  and 
the  ratio  of  its  different  constituents,  but  it  is  always  a  reddish  or 
dark  hornblendic  gneiss.     It  varies  in  texture  from  a  coarsely  crys- 
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talline  rock,  in  which  the  diflPerent  minerals  can  be  readily  dis- 
tinguished macroscopically,  and  in  which  an  occasional  seam  shows 
well-formed  crystals,  to  a  very  fine-grained  and  compact  rock.  The 
prevailing  color  is  red,  but  there  are  many  shades;  and  some  of  the 
very  fine-grained  specimens,  especially  those  containing  consider- 
able hornblende,  are  dark,  sometimes  almost  black.  The  proportion 
of  hornblende  varies  from  an  occasional  flake  in  the  coarse  and  very 
red  varieties  to  a  considerable  amount  in  the  fine-grained  and  dark 
varieties.  The  visible  accessory  minerals  are  epidote,  and  an  occa- 
sional speck  of  pyrite.  It  is  a  moderately  strong  and  tenacious 
rock,  and,  when  undisturbed,  in  the  finer-grained  varieties,  espe- 
cially, makes  a  fairly  good  roof. 

The  Calabogie  Lake  Mines. 

The  northernmost  openings  of  this  series  are  near  Calabogie  Lake, 
in  the  township  of  Blithefield.  Beginning  at  the  opening  farthest 
from  the  lake,  the  Calabogie  Iron  Company  had  gone  down  about  40 
feet,  and  were  preparing  to  put  up  hoisting  machinery.  The  strata 
are  decomposed  to  a  considerable  depth,  and  are  very  much  disturbed 
from  a  cross-dyke,  and  the  work  had  not  progressed  far  enough  to 
make  out  the  relationships  exactly.  The  ore  presents  a  variety  of 
aspects,  being  also  influenced  by  the  cross-dyke.  Some  of  it  is  fine- 
grained and  granular,  some  compact,  some  showing  a  banded  struc- 
ture. As  mined  it  will  average  about  50  per  cent,  of  iron,  and  con- 
tains considerable  calcite,  and  also  some  cupriferous  pyrite. 

The  same  company  has  another  small  opening  on  the  land  of  Mr. 
Thomas  Church,  from  which  a  small  amount  of  material  had  been 
taken  and  then  the  work  stopped. 

Between  these  two  openings  Mr.  Coe  had  just  commenced  work 
on  a  vein  showing  about  eight  feet  of  ore  at  the  surface,  with  a  dip 
of  about  30  degrees.  The  ore  is  very  hard  and  compact  with  some 
traces  of  cleavage.  It  contains  some  pyrite  and  calcite  (both  crys- 
tallized, and  a  pink  cleavable  variety),  and  also  some  amethyst. 

The  fourth  and  last  opening  has  been  made  by  the  Calabogie  Iron 
Company  on  the  very  shores  of  the  lake,  in  Grassy  Cove.  This 
opening  shows  a  well-defined  vein  with  both  walls,  and  was  down 
about  60  feet  upon  the  dip,  which  is  about  25  degrees  towards  the 
south,  the  strike  here  approaching  east  and  west.  About  2000  tons 
of  ore  had  been  taken  out  and  boated  across  Grassy  Cove  to  the 
railway,  which  will  not  be  finished  across  the  cove  for  some  time  on 
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acoonnt  of  a  heavy  fill.  The  ore  is  finc-Ecra'med  and  granular,  much 
of  it  being  very  distinctly  stratified,  and  some  of  the  strata  being 
cupriferous  pyrite,  of  which  the  ore  carries  a  considerable  amount. 
Among  the  associateti  minerals  may  be  especially  mentioned  the  oc- 
currence of  prehnite  in  curious  worm-like  forms,  showing  a  stellate 
arrangement  of  imperfect  crystals  upon  a  cross-fracture.  The  fol- 
lowing analyses  repre.'^ent  the  composition  of  the  various  ores  from 
the  openings  of  the  Calabogie  Iron  Company.  I  am  indebted  for 
tiicm  to  Mr.  Edward  Elliott,  President  of  the  Calabogie  Iron  Com- 
pany, of  Perth,  Ontario : 


No.  1. — Ne.vr  Lake. 


Fe,03, 
FeO, 
SiO.,. 
Ti(\ 
P,  . 
S,  . 
Fe,. 
Analysts, 


44.59 
35.S3 

4.28 

0.60 

0.028 

0.38 
59.76 
Mr.  Emerton. 


5.53 


0.012 


61.48 


4.44 


0.018 


65.15 


3.24 


0.025 


62.23 


Mr.  Charles  E.  Wright. 


0.18 

63.619 
Dr.  Fricke. 


No.  2. — Church's  Lot. 


Fe, 
P, 


52.326 
0.190 


Analyst,  Dr.  Fricke. 


No.  3. — Farthest  from  Lake. 


FeO, 

SiOj, 
TiOo, 
P, 

S, 
Fe, 


Analysts, 


58.98 
22.35 

4.35 

0.40 

0.203 

0.10 
58.67 
Mr.  Emerton. 


0.143 
63.62 

Dr.  Ericke. 


The  Raddenhurst  &  Sherritt  and  W.  C.  Caldwell  Mines. 

About  twelve  miles  south  of  the  Calabogie  Lake  mines  is  the 
Raddenhurst  &  Sherritt  mine,  near  Round  Lake.  The  main  shaft 
was  down  about  68  feet,  showing  the  same  walls,  and  northeast  and 
southwest  strike,  but  with  only  a  very  small  dip,  not  over  ten  de- 
grees to  the  southeast.  The  hanging- wall  here  was  the  darkest  ob- 
served anywhere.     Some  of  the  smaller  openings  seemed  to  indicate 
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the  presence  of  a  cross-vein,  but  its  existence  was  not  fully  estab- 
lished. Most  of  the  ore  is  compact  and  stratified,  some  of  the  strata 
being  a  cupriferous  pyrite,  which  forms  a  considerable  percentage  of 
the  ore;  and  it  is  very  prone  to  decompose,  so  ranch  so  that  upon 
exposure  for  a  short  time  to  the  atmosphere  many  lumps  crumble  to 
a  coarse  powder.  Some  of  the  ore  is  compact,  crystalline,  and  cleav- 
able,  and  contains  dolomite  scattered  through  it. 

About  one-half  a  mile  south  of  this  Mr.  W.  C.  Caldwell  had  put 
down  a  shaft  which  was  idle  and  full  of  water.  The  ore  and  gen- 
eral appearance  seemed  to  be  the  same  as  the  foregoing. 

The  Bethlehem  and  B,  Caldwell  Mines. 

About  twelve  miles  south  of  the  last  location,  in  the  township  of 
Levant,  is  the  scefie  of  the  most  active  mining  operations  of  the 
whole  region.  The  presence  of  magnetite  at  this  point  has  been 
known  for  many  years,  from  the  difficulty  experienced  in  the  use  of 
the  compass  by  the  land-surveyor  when  the  country  was  first  plotted. 
This  fact  being  known  to  Mr.  Boyd  Caldwell,  an  extensive  lumber 
dealer,  he  not  only  purchased  the  timber  from  the  government,  but 
also  took  out  a  patent  for  the  land.  The  question  of  the  ore  re- 
mained dormant,  however,  for  many  years,  on  account  of  the  inac- 
cessibility of  the  country,  until  there  was  a  prospect  of  rail- 
communication  by  the  construction  of  the  Kingston  and  Pembroke 
Railway.  Work  upon  the  development  of  the  ore  was  first  under- 
taken by  Mr.  Caldwell  in  January,  1880,  and  carried  forward  until 
the  presence  of  a  large  body  of  ore  was  clearly  established,  when,  in 
July,  1881,  a  portion  of  the  land  was  leased  to  the  Bethlehem  Iron 
Company,  which  has  carried  on  active  mining  operations  ever  since. 
At  the  time  of  my  visit  about  seventy  men  were  employed  in  the 
principal  mine,  which  was  down  about  250  feet,  the  product  being 
100  tons  per  day  of  a  good  50  per  cent.  Bessemer  ore,  the  total 
product  having  been  about  30,000  tons. 

On  the  adjoining  lot,  Mr.  Caldwell  was  working  one  drill  and  a 
small  force  of  men  upon  the  same  vein.  He  has  gone  down  200 
feet;  but  his  work  is  entirely  developmental,  and  he  has  not  at- 
tempted to  carry  on  regular  mining  operations. 

The  general  characters  of  the  vein,  as  exhibited  in  both  shafts, 
are  the  same.  The  vein  strikes  northeast  and  southwest,  approach- 
ing, however,  to  the  north,  and  dips  30  to  35  degrees  to  the  south- 
east. The  walls  are  very  persistent,  with  well-defined  selvedges. 
The  thickness  of  the  vein  varies  from  two  to  thirty-one  feet,  due 
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principally  to  the  rolling  of  the  limestone  foot-wall,  which  is  ex- 
cessive. The  ore  is  compact,  crystalline,  and  cleavable  magnetite, 
mixed  with  a  large  amount  of  chloritic  material,  which  occasionally, 
although  not  always,  gives  a  stratified  ajipearance  to  the  ore.  There 
is  very  little  visible  pyrite  in  the  ore,  hut  it  contains  a  considerable 
amount  of  carbonates  of  the  alkaline  earths,  varying  in  composition 
from  a  nearly  pure  calcitc  through  a  true  dolomite  to  magnesite, 
containing  a  considerable  percentage  of  carbonate  of  lime.  The 
dolomite  sometimes  occui*s  in  large  masses,  near  which  the  ore  is 
generally  very  much  richer,  as  if  the  dolomite  ordinarily  scattered 
through  the  ore  had  been  gathered  into  one  mass  by  itself,  which 
would  necessarily  enrich  the  ore  from  which  it  had  been  withdrawn, 
while  some  of  the  calcite  occurs  in  small  veins,  with  a  beautifully 
tibrous  structure. 

Among  the  minerals  at  this  locality  may  be  especially  mentioned 
a  coarse,  gray  asbestos  and  a  green  chlorite  in  good-sized  cletivable 
foljfe. 

The  ore  is  shipped  to  the  works  of  the  company,  at  Bethlehem, 
Pennsylvania,  and  the  composition  is  represented  by  the  following 
analyses : 

FegO,,     89.04 
6.34 

1.97 

0.38 

trace 

1.15 

1.06 

traces 

SO3,  traces 

Prof.  E.  J.  Chapman. 

The  Roberts  Mines. 

About  ten  miles  south  of  the  last  mines,  in  the  township  of  Pal- 
merston,  are  the  Roberts  mines.  The  ore  occurs  here  in  isolated 
lenses,  and  the  mining  has  been  very  uncertain.  At  the  time  of 
my  visit  the  ground  was  being  very  thoroughly  prospected  with  a 
diamond  drill  in  the  hope  of  removing  at  least  a  part  of  the  uncer- 
tainty, and  some  very  good-looking  cores  had  been  obtained.  The 
use  of  the  needle  here  is  very  deceptive,  as  the  rocks  are  full  of 
small  veins  and  strings  of  magnetite,  which  give  strong  attractions 
over  a  wide  surface.  The  principal  shaft,  the  Lizzie,  had  gone  down 
180  feet  on  the  dip,  and  produced  about  60,000  tons  of  excellent 


Fe,        .     63.730 

58.49 

SiOj,     .      4.466 

9.15  (rock  matter) 

TiOj 

.... 

CCh 

AIA, 

0.28. 

Mn,       

1.79 

CaO, 

3.32 

MgO, 

5.66 

P,         .      0.028 

P2O5, 

0.071 

S,          .      0.032 

0.12 

Ivst.s   Rhodes  &  Co. 

Mr.  E 

M.  Reed. 
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ore;  but  at  this  point  the  ore  had  been  sharply  and  completely  cut 
off.  The  method  of  this  cutting-off  was  peculiar,  and  I  had  not 
sufficient  time  to  explore  it  thoroughly ;  the  rock  beyond  is  the 
hanging-wall,  but  with  a  large  increase  in  the  amount  of  hornblende, 
with  the  size  of  the  particles  of  each  mineral  approaching  uniformity. 
This  would  lead  to  the  supposition  that  the  worked-out  ore-body 
had  risen  upward  as  the  result  of  a  fault;  but  if  so,  it  was  a  peculiar 
fault,  since  all  signs  of  violent  disturbance  at  the  juncture  of  the  ore 
and  rock  are  wanting.  The  line  of  demarcation  between  the  two 
is  very  distinct,  but  the  continuity  is  scarcely  broken. 

Another  explanation  of  the  phenomena  may  be  that  the  deposit 
of  ore  was  a  pocket  in  the  rock  and  had  been  worked  out,  but  it  had 
well-defined  and  regular  walls  similar  to  the  other  veins,  a  limestone 
foot- wall  and  hornblendic  gneiss  hanging-wall,  also  the  regular  dip 
and  strike  of  the  other  veins.  It  would  be  necessary  to  spend  con- 
siderable time,  and  probably  considerable  more  mining  would  have 
to  be  done,  to  thoroughly  work  out  the  causes  of  this  cut-off. 

The  ore  was  coarsely  crystalline,  cleavable,  and  rich.  There  was 
but  little  visible  pyrite;  but  associated  with  the  ore  was  a  handsome 
pink  crystalline  calcite,  carrying  cupriferous  pyrite;  the  hanging- 
wall  at  this  point  showed  a  large  amount  of  epidote  and  also  gradu- 
ated at  times  into  a  typical  gray  gneiss. 

From  the  Mary  shaft,  just  north  of  the  Lizzie,  about  20,000  tons 
of  a  fine-grained  granular  ore,  very  different  from  the  Lizzie  ore,  had 
been  taken  out  to  the  depth  of  40  feet,  and  then  mining  was  sus- 
pended. 

Besides  the  above  principal  openings,  several  prospecting  open- 
ings were  being  developed  to  ascertain  what  the  surface  shows,  which 
in  some  cases  were  very  good,  would  lead  to.  Although  the  full 
working  force  was  80  men,  only  20  were  at  work  with  the  dia- 
mond drill  and  performing  the  prospecting  work.  The  ore  was 
shipped  to  Elmira  and  Charlotte  for  smelting,  and  its  composition 
is  shown  by  the  following  analyses,  for  which  I  am  indebted  to  Mr. 
B.  W.  Folger,  of  Kingston,  Ontario  : 

Fe, 57.77  63.2 

O,  24.7 

SiO.„ 15.10  6.8 

AljOg, 0.29                 undetermined 

CaO, 6.38  1.8 

MgO, 2.47                       

Mn, 0.40  traces 

PA> 0.025 
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S,  0.08  0.2 

CO,, 1.5 

TiO, trace 

Analysts,       .         .  Mr.  E.  M.  Kced.  Mr.  J.  B.  Britton. 

The  Glendower  Mines. 

The  last  miiips  of  which  I  shall  s[)eak  are  the  Glendower  mines, 
about  tour  miles  from  Bedford  Station,  and  twentj-one  miles  south  of 
the  Robertsi  mines,  on  the  shore  of  Thirty  Island  Lake.  An  opening 
very  near  the  lake  presents  the  single  exception  mentioned  in  regard 
to  the  walls.  An  upthrow  here  has  apparently  transposed  the  lime- 
stone foot-wall  into  the  hanging-wall.  There  is  also  cutting  across 
the  ore  a  small  dyke,  eight  inches  thick,  of  typical  gray  gneiss,.  The 
shaft,  which  was  down  about  100  feet,  was  following  along  this 
cross-dyke.  Work  was  begun  in  May,  1883,  and  sufficient  work  had 
not  been  done  to  fully  settle  the  relationships.  About  4000  tons  of 
ore  had  been  extracted.  It  is  very  hard,  compact,  and  cleavable. 
Associatetl  with  the  ore,  both  in  small  veins,  and  in  bunches,  is  a 
variety  of  carbonates  of  the  alkaline  earths,  varying  in  composition 
as  at  the  Bethlehem  mines ;  but  the  analyses  showed,  in  some  cases, 
such  an  excess  of  magnesia  as  to  indicate  that  a  considerable  amount 
of  magnesite  must  be  mixed  with  some  of  the  dolomite,  although 
every  one  of  six  specimens  of  the  carbonates  which  I  examined 
showed  an  amount  of  lime  sufficient  to  be  precipitated  by  sulphuric 
acid  in  moderately  concentrated  solutions.  In  one  case  the  carbon- 
ate was  undergoing  decomposition  into  a  silicated  material  looking 
a  little  like  serpentine.  Occurring  in  a  very  similar  manner  to  the 
carbonates  is  a  white  cleavable  felspar.  Serpentine  is  quite  abundant 
in  some  portions  of  the  ore,  and  there  is  also  some  visible  pyrite. 

To  the  west  of  this  opening,  a  second  shaft  was  being  sunk,  which, 
after  passing  through  about  90  feer  of  a  mixture  of  hornblendic 
material,  and  magnetite  too  low  in  iron  to  be  considered  available 
ore,  pas.sed  through  about  12  inches  of  a  cleavable  calcite,  carrying 
pyrite,  chalcopyrite,  and  mispickel  in  large  amounts.  After  pass- 
ing through  this  layer,  good,  hard,  and  cleavable  ore  like  that  in  the 
other  shaft  had  been  found,  and  at  the  time  of  my  visit  they  were 
about  20  feet  in  it  without  any  change. 

About  2000  tons  of  the  ore  have  been  shipped  to  Zanesville,  Ohio, 
the  composition  of  which  is  represented  by  the  following  analyses, 
for  which  I  am  indebted  to  Mr.  B.  W.  Folger,  of  Kingston, 
Ontario. 
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Fe,   .        .     62.32              63.80  60.96  63.01  64.89  61.39 

SiO^,         .     10.67                8.30  7.27  9.04  6.26  6.61 

Mn,  .         .      0.51                0.47  0.80  0.61  0.48  0.61 

AI2O3,        0.50  0.62  0.55  0.75 

S,      .         .      0.39                0.12  0.071  0.42  0.22  0.23 

TiOj,    ....  traces  trace  trace  trace 

CaO,           .      0.64                0.09  1.86  0.54  0.48  0.50 

MgO,         .      0.98               4.01  3.88  4.49  2.04  5.29 

P,      .         .      0.01                0.011  0.012  0.020  0.013  0.012 

Analyst,  E.  M.  Reed,  E.  M.  Reed,  E.  M.  Reed,  E.  M.  Reed, 

June  14,  '83.  June  25,  '83  Oct.  9,  '82.  Nov.  1,  '82. 


BOILEBS  AND  BOILER-SETTINGS  FOB  BLAST-FUBNACES. 

BY  F.   W.    GORDON,  PITTSBURGH,  PA. 

Since  the  waste  gases  of  the  blast-furnace  came  to  be  generally 
utilized  in  heating  the  blast  and  raising  steam,  the  gradual  improve- 
ment in  the  economy  of  fuel,  mainly  through  the  use  of  higher  tem- 
perature in  the  blast,  has  impoverished  the  gases.  The  increa.sed  out- 
put per  unit  of  measurement  of  the  furnace,  and  the  increased  height 
of  the  furnace,  have  markedly  increased  the  resistance  to  the  blast, 
thus  enormously  increasing  the  duty  required  from  the  gases. 

In  other  words,  a  gas  reduced  in  heating  power  by  a  further  dilu- 
tion of  CO2  is  required  to  raise  the  temperature  of  the  blast  to  1800° 
Fahr.,  where  formerly  600°  was  a  good  temperature,  and  at  the  same 
time  to  raise  steam  enough  to  drive  the  air  into  the  furnace  at  a 
pressure  of  from  four  to  eight  pounds  in  coke  practice,  and  from  eight 
to  twelve  pounds  in  anthracite  practice,  and  also  pump  at  least  double 
the  water  formerly  used  at  furnaces. 

Hence  the  necessity  for  the  employment  of  the  best  scheme  for 
thoroughly  consuming  these  gases  with  the  least  dilution  of  air,  and 
the  u.se  of  the  best  device  for  absorbing  the  heat  produced  for  the 
purposes  above  mentioned. 

In  a  former  paper  before  this  Society  the  writer  called  attention 
to  such  improvements  as  had  been  made  by  his  firm,  by  which  it 
was  claimed  1400°  Fahr.  could  be  maintained  in  the  blast  by  a  less 
consumption  of  gas  than  was  required  to  maintain  900°  when  using 
pipe-ovens;  and  it  would  not  be  too  much  to  say  that  1600°  Fahr. 
might  now  be  written  in  place  of  the  1400°. 

The  object  of  this  paper  is  to  give  the  practice  of  our  firm  in  the 
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raisins:  of  steam  bv  the  waste  jjases,  and  (Uir  reasons  therefor.  We 
are  certain  the  gases  at  present  passing  from  onr  bU\st-furnaces  are 
atnple  for  all  pnrposes. 

Furnaces  are  variously  proportioned  in  the  matter  of  the  heating 
surface  of  their  boilerei.  Some  engineers  figure  from  the  cubical 
measurement  of  the  furnaces,  others  from  the  diameter  of  the  bosh, 
and  others  on  tiie  make  of  iron.  The  latter  basis  we  adopt  for  cal- 
culation, since  the  fuel-consumption  is  fairly  near  in  proportion  to 
the  iron-product,  and  the  air  required  nearly  in  proportion  to  the 
fuel  used.  Our  experience  represents  approximately  the  product  and 
fuel-consumption  for  a  given  fuel  and  ore. 

Anthracite  furnaces  now  in  use  have  from  60  to  110  square  feet 
of  heating  surface  in  their  boilers  per  ton  of  iron  per  twenty-four 
hours  ;  coke  furnaces  range  from  40  to  80,  and  charcoal  furnaces 
from  20  to  50  square  feet.  It  is  apparent  that,  in  determining  their 
proportions,  no  settled  basis  of  calculation  has  been  used  by  con- 
structors. 

In  the  spring  of  1880  our  firm  was  called  upon  to  remodel  one 
of  the  furnaces  of  the  Isabella  plant  at  Pittsburgh,  Pa.  We  found 
these  two  furnaces  making  from  500  to  550  tons  of  iron  per  week, 
each  with  a  large  consumption  of  fuel  per  ton  of  iron.  Steam  was 
furnished  by  twelve  plain  cylindrical  boilers,  each  42  inches  in 
diameter  and  60  feet  long;  burners  being  placed  above  the  grate 
bars,  a  great  space  under  the  boilers  from  the  bridge-wall  back,  and 
four  firemen  per  shift  heaving  coal  under  them. 

As  we  proposed  to  make  1400  tons  per  week  with  the  remodelled 
furnace,  leaving  the  other  at  500  tons,  or  a  total  make  to  the  plant 
of  1900  tons  per  week,  and  as  the  fuel-reduction  in  the  remodelled 
furnace  was  expected  to  be  at  least  25  per  cent.,  and  the  increase  of 
pressure  of  blast,  due  to  the  enormously  increased  volume  passing 
through  about  the  same  column  of  material,  was  estimated  at  40  per 
cent.,  the  steaming  capacity  of  the  plant  was  a  subject  of  much 
solicitude. 

AVe  proposed,  therefore,  that  one  battery,  consisting  of  two  boilers 
of  the  twelve  referred  to,  should  be  changed  to  the  plan  shown  in 
Figs.  1  and  2,  to  determine  what  increased  efficiency  might  thereby 
be  gained.  This  experiment  would  also  determine  the  setting  of 
the  new  boilers  about  to  be  erected.  The  result  of  the  change  was 
so  marked  in  the  increased  quantity  of  water  evaporated  in  the 
altered  battery,  that  the  entire  old  plant  was  ordered  to  be  changed 
at  once,  after  which  the  former  heavy  firing  was  discontinued  en- 
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tirely,  all  necessary  steam  being  raised  with  the  furnace-gases  alone. 
The  twelve  boilers  were  then  steaming  for  a  product  of  1000  tons  per 
week,  or  145  tons  per  day,  representing  thirty  feet  of  boiler  surface 


Fig.  5 


per  ton  of  iron  in  twenty-four  hours,  everything  else  (except  the  new 
setting  and  the  discontinued  heavy  firing  with  solid  fuel)  being  as  it 
had  been  before.     The  blowing-engines  were  of  the  ordinary  upright 
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pattern  witli  sliile-valves  on  the  stcam-cylindors,  aiul  without  aux- 
iliary out-otf  of  any  kind. 

During  the  remodelling  there  were  erected  four  batteries  of  two 
each  of  the  double  flue  type,  as  seen  in  Figs.  3,  4,  and  5.  These 
were  4()  inches  in  diameter  and  34  feet  long,  the  flues  being  16 
inches  in  diameter.  Each  of  these  boilers  has  a  total  heating  sur- 
face of  500  feet,  but  as  flue-surface  is  not  worth  for  steam-raising 
more  than  one-half  as  much  as  overhead  shell-surface,  these  boilers 
should  not  be  estimated,  when  contrasting  them  with  ordinarily  con- 
structed plain  cylindrical  boilers,  at  more  than  354  square  feet  each. 
We  had,  therefore,  twelve  cylindrical  boilers,  each  with  336  feet  of 
heating-surface,  and  eight  flue  boilers,  each  with  354  feet  of  heating- 
surtace,  or  a  total  of  6864  square  feet  for  the  entire  plant.  With 
this  a  product  was  obtained  of  more  than  1900  tons  per  week  with- 
out firing  the  boilers,  representing  nearly  twenty-five  square  feet  of 
heating-surface  to  the  ton  of  iron  in  twenty-four  hours.  On  test, 
however,  the  steam  was  raised  with  two  of  these  boilers  oif.  The 
pumps  used  were  of  the  ordinary  type  of  long-stroke  Cameron,  no 
compounding  or  condensing  being  employed  in  any  case.  The  con- 
sumption of  water  was  about  50,000  gallons  per  hour,  and  necessa- 
rily much  steam  was  consumed  in  raising  it. 

The  same  double-flue  boiler  and  setting  is  used  at  the  Cleveland 
Rolling-Mill  Company's  new  furnace,  where,  on  a  test  for  six  hours, 
23,000  cubic  feet  of  blast  was  propelled  into  the  furnace,  all  pumps 
kept  in  use  and  hoist  full  at  work,  with  ten  boilers  of  this  size,  rep- 
resenting a  heating-surface  of  about  3540  square  feet.  The  work 
done  during  this  test  was  fully  up  to  200  tons  per  day,  or  at  the  rate 
of  only  18  square  feet  of  surface  per  ton  of  iron  in  twenty-four  hours. 

We  have  used  these  burners  and  this  setting  under  ninety-seven 
boilers,  raising  steam  for  furnaces  using  all  kinds  of  fuel  and  ores, 
and  we  think  it  good. 

Figs.  6  and  7  exhibit  this  plan  as  proposed  and  used  for  double 
boilers ;  and  Figs.  8  and  9  show  the  old-style  of  setting. 

The  burner  (Fig.  10)  has  the  following  dimensions: 

The  gas-channels,  6,  are  2J  x  16  inches  in  cross-section.  There 
are  four  of  them,  giving  a  total  area  for  the  gas  of  160  square  inches 
to  each  boiler.  There  are,  alternately  with  these,  three  air- channels, 
a,  which  are  2x16  inches  ;  total  area  for  air  to  each  boiler,  96  square 
inches.  The  air  enters  to  these  three  channels  through  three  ports 
on  each  side  of  the  burner,  the  port-area  being  equal  to  the  chan- 
nel-area. Over  these  ports  there  are  slides  to  regulate  the  air-sup- 
ply.    The  butterfly,  c,  regulates  the  flow  of  gas. 
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Experience  has  shown  that  the  amount  of  air  entering  through 
this  ninety-six  inches  is  about  the  amount  required  to  oxidize  all  the 
gas  that  the  chamber  and  flue  will  take.  Or,  in  other  words,  when 
the  boiler  is  working  to  full  capacity,  the  air-ports  are  drawn  wide 
open,  and  the  butterfly-valve  is  used  to  regulate  the  gas-supply. 
The  proper  quantity  of  gas  is  almost  exactly  determined  by  the 
color  shown  in  combustion ;  the  plan  being  to  put  in  too  much  gas 
and  gradually  close  the  butterfly  till  all  gas-burning  color  is  lost  in 
the  flame  under  the  boilers.  Adjustment  is  then  correct  till  the 
altered  flow  of  gas  disturbs  the  proportions,  a  change  which  is  ordi- 
narily not  sufficient  to  materially  affect  the  steam. 

The  objects  sought  in  designing  this  boiler  gas-burner  were  great 
surface  contact  of  the  gas  and  air  and  ready  cleaning  of  the  gas-ports. 


Fig.  10. 


By  opening  the  door,  H,  a  scraper  can  be  pushed  through  the  gas- 
channels,  and  the  burner  fully  cleaned  in  two  minutes.  The  gas- 
passages  are  made  larger  than  necessary  when  clean,  to  allow  for 
some  collection  of  flue-dirt. 

In  designing  the  setting,  it  was  thought  most  desirable  that  the 
gas  and  air  should  be  introduced,  as  above,  thoroughly  mixed,  as  far 
from  the  coolino;  action  of  the  boiler  as  was  consistent  with  reason- 
able  construction  (see  L,  Fig.  4).  The  combustion-chamber,  soon 
reaching  a  high  heat,  greatly  facilitates  the  combination  of  the  CO 
with  the  O  of  the  atmosphere.  The  combustion-chamber  was  made 
some  15  feet  long,  to  allow  for  the  rapid  expansion  of  the  gases  due 
to  heat;  practically  to  complete  the  combustion;  and,  during  the 
expansion,  to  deposit  a  large  proportion  of  dirt.  The  gases,  in  pass- 
ing from  this  chamber,  are  brought  in  direct  contact  with  the  boiler- 
shell  by  reducing  the  pa-ssage  as  much  as  possible  consistent  with 
good  draught,  at  the  same  time  providing  a  passage  {M,  Figs.  3  and 
4)  as  nearly  of  the  same  area  as  practicable,  that  all  the  surface  may 
be  equally  utilized. 


I 
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In  setting  boilers  of  the  double  or  French  type,  or  the  ordinary 
cylindrical  boilers,  care  is  observed  that  the  ports  {N,  Figs.  6  and  7) 
entering  the  draught-flue  are  so  designed  that  the  gases  will  hug 
the  surfaces  as  much  as  possible.  To  effect  this,  the  boilers  at  the 
chimney-end  do  not  pass  through  the  wall,  but  are  terminated  12  to 
18  inches  short  of  it  (see  0,  Fig.  7),  the  ports  being  placed  directly 
on  the  end  of  the  boilers  so  that  the  gases'  most  direct  line  is  along 
the  boilei*s'  surface  and  round  their  ends. 

The  double-flue  type  was  adopted  for  the  following  reasons  :  a  gas 
passage  could  be  obtained  68  feet  long  without  using  long  boilers; 
and  there  is  less  cost  in  boilers,  foundations,  and  settings  for  a  given 
eflBciency.  Two  supports  only  are  used,  one  being  on  the  front  while 
the  back  end  is  swung  from  two  amply  strong  I  beams,  thus  giving 
free  play  to  the  changing  form  of  the  boiler.  Moreover,  in  consid- 
ering the  safety  of  boilers,  this  typeof  double-flued  boilers  seemed  to 
meet  the  requirements  that  promote  safety  more  than  any  form  that 
is  used  in  furnace-practice,  for  the  following  reasons. 

1.  They  are  good  circulators,  the  water  passing  rapidly  up  next 
the  shell  and  down  between  the  flues. 

2.  They  are  not  subject  to  the  severe  "hogging"  of  long  boilers, 
which,  whether  on  springs  or  on  rocking  levers,  must  soon  weaken 
their  circular  seams  at  the  bottom.  Nothing  is  more  common  in 
boiler  repairs  than  patching  these  very  seams.  Weakening  at  this 
point  is  a  fruitful  source  of  explosions.  In  proof  of  this,  in  the  four 
boiler-explosions  that  the  writer  has  personally  studied,  the  boilers 
flew  apart  endwise,  not  bursting  longitudinally  in  any  instance.  Yet 
it  is  fully  established  that  the  circular  seams  have  double  the  strength 
of  the  horizontal  seams  when  the  boilers  are  new. 

3.  Short  boilers  with  flues  are  not  so  subject  as  long  open  vessels 
of  the  cylindrical  type,  to  the  wave-action  of  the  water,  which  is 
considered  also  a  fruitful  cause  of  explosions. 

Each  battery  of  two  boilers  is  provided  with  a  good-sized  cross 
steam-drum,  with  large  connecting  legs,  that  the  water  may  be 
maintained  at  an  equal  level  throughout.  Each  boiler  is  fed  on  top, 
the  feed  water  being  introduced  in  small  streams  through  a  long 
perforate<l  pipe,  forbidding  any  contact  of  the  feed  water  and  heated 
shell,  the  mud-drum  being  used  for  deposit  collection  only. 

The  defects  of  the  ordinary  settings  are  supposed  to  be,  first,  in 
introducing  the  gases.  The  burners  ordinarily  used,  are  supplied 
with  from  three  to  four  4-inch  air-tubes  for  two  boilers,  or  an  area, 
at  the  most,  of  50  square  inches,  the  remainder  of  the  air  being  intro- 
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duced  through  the  grate-bars  or  side-doors,  where  it  would  not 
properly  intermingle  with  the  gas.  Besides  this,  combustion  has  to 
be  effected  in  close  proximity  to  a  boiler-shell,  with  a  temperature 
not  exceeding  350°  Fahr.  in  ordinary  practice,  where,  with  cold  air, 
proper  combustion  could  not  be  effected.  Hence  the  necessity  of  a 
good  space  under  the  boilers,  back  of  the  bridge- wall,  where  the 
combustion  is  sought  to  be  effected.  But  as  the  gas  and  the  air  have 
partly  combined,  and  lost  much  of  their  initial  energy,  and  have 
given  off  considerable  heat,  the  further  combustion  has  to  be  assisted 
by  firing  the  boilers  and  giving  them  heat.  The  burners,  besides, 
being  badly  proportioned  and  wrongly  placed,  are  exceedingly  awk- 
ward to  clean. 

Figures  6  and  7  show  an  improved  type  of  ordinary  boiler-setting, 
in  which  the  outgoing  gases  pass  into  the  flue  which  is  below  the 
boiler,  causing  the  current  to  run  low,  and  not  impinge  properly  on 
the  entire  surface  of  the  boilers.  This  is  a  very  common  plan  of 
setting. 

Though  we  have  set  ninety-seven  boilers  according  to  our  plan, 
since  the  spring  of  1881,  we  never  have  had  a  failure  to  raise  all 
necessary  steam,  except  in  one  instance,  where  ores  low  in  silica  and 
high  ixi  alumina  were  attempted  to  be  fluxed  with  lime.  The  gases 
in  this  case  were  so  smoky  that  the  boilers,  at  times,  could  not  be 
seen  through  them,  and  a  coating,  largely  of  alumina,  one-half  inch 
thick,  formed  on  the  shells  and  flues  every  twenty-four  hours.  To 
add  to  these  troubles,  the  feed-water  was  so  bad  that  :|-inch  perfo- 
rations of  the  feed-pipe,  closed  in  the  face  of  the  pressure  of  the  feed- 
pump, in  a  short  time.  More  recently,  however,  more  silica  and 
less  lime  is  used  at  this  place,  and  a  good  supply  of  steam  is  now  ob- 
tained. We  have,  therefore,  not  a  single  case  where  boilers,  set  as 
in  the  proposed  plan,  fail  to  furnish  all  steam  required  for  good  non- 
condensing  machinery  with  furnace-gas  alone  as  fuel. 

Our  recommendation  for  proportioning  boilers  when  set  in  the 
manner  here  proposed  is,  for  coke  practice,  30  square  feet  of  heating 
surface  per  ton  of  iron  per  24  hours,  which  the  furnace  is  expected 
to  make,  calculating  the  heating  surface  thus  :  For  double-flued 
boilers,  all  shell-surface  exposed  to  the  gases,  and  half  the  flue-sur- 
face ;  for  the  French  type,  all  the  exposed  surface  of  the  upper  boiler 
and  half  the  lower  boiler-surface;  for  cylindrical  boilers,  not  more 
than  60  feet  long,  all  the  heating  surface. 

To  the  above  must  be  added  a  battery  for  relay  in  case  of  cleaning, 
repairs,  etc.,  and  more  than  one  battery  extra  in  large  plants,  when 
the  water  carries  much  lime. 
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For  anthracite  practice,  add  50  per  cent,  to  above  calculations. 
For  charcoal  practice,  deduct  20  per  cent. 

Discussion. 

Mr.  p.  Barnes:  I  have  been  very  much  interested  in  Mr.  Gor- 
don's paper,  and  would  like  to  ask  what  is  found  by  actual  determi- 
nation to  be  the  temperature  of  the  outgoing  gases. 

Mr.  Gordon  :  We  iiave  found  it  as  high  as  700°  F.,  and  as  low 
as  400°  F. 

Mr.  W.  F.  Durfee  :  I  have  had  some  experience  with  blast- 
furnace boilei-s  that  may  be  of  interest.  Some  years  ago,  on  taking 
charge  of  a  large  works,  I  found  two  blast-furnaces  the  boilers  of 
which  were  64  feet  long  and  42  inches  in  diameter.  Each  of  these 
boilers  were  suspended  at  five  points.  Just  exactly  which  or  how 
many  of  those  points  supported  the  boiler  was  something  which,  as 
Lord  Dundreary  might  say,  "no  fellar  could  find  out."  There  was 
a  great  deal  of  irregular  expansion,  causing  a  change  of  form  in  the 
boilers,  their  front  ends  usually  rising  as  the  temperature  increased. 
Pending  some  preparations  for  changing  the  method  of  their  suspen- 
sion, one  of  these  boilers  burst.  About  one-third  of  the  circumfer- 
ence of  the  second  joint  from  the  front-head  was  ruptured  through 
the  rivet-holes,  and  all  the  contents  of  the  boiler  escaped  through  the 
rent  without  causing  other  serious  damage.  The  remedy  for  the 
troublesome  behavior  of  these  boilers  which  I  adopted  was  this : 
Without  removing  them  from  their  settings,  or  at  all  interfering 
with  the  running  of  the  furnaces,  I  cut  them  in  two  at  their  middle, 
one  at  a  time,  and  put  a  head  into  each  half.  These  heads,  when 
the  job  was  completed,  were  four  inches  asunder,  and  this  space  was 
covered  at  the  top  with  a  curved  plate  resting  upon  the  boilers  to 
prevent  the  ingress  of  air.  The  rear  half  of  the  divided  boiler  was 
connected  with  the  front  by  two  curved  copper  pipes,  one  for  the 
water,  and  the  other  for  the  steam-circulation.  Each  half  of  the 
original  boiler  was,  after  the  above-described  changes,  nearly  32  feet 
in  length,  and  was  suspended  to  two  cross-girders  or  saddles,  so 
placed  that  each  saddle  sustained  half  the  weight  of  the  boiler. 
There  was  no  change  whatever  made  in  the  brick-work  of  the  boiler- 
setting,  the  completed  arrangement  being  simply  two  plain  cylinder 
boilers  placed  end  to  end,  having  their  steam  and  water  spaces  prop- 
erly connected  with  curved  pipes  for  circulation,  and  to  admit  of  the 
independent  expansion  of  each  boiler.  This  arrangement  is  be- 
lieved to  accomplish,  with  a  much  smaller  expenditure  of  money,  all 
that  any  elaborate  system  of  spring  and  lever  suspensions  can  do. 
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THE  PHYSICAL  PROPEBTIES  OF  COKE  AS  A  FUEL  FOR 
BLAST-FURNACE   USE. 


BY    JOHN    FULTON,   JOHNSTOWN,   PENNA. 

Early  in  the  year  1875,  some  difficulty  was  experienced  in  the 
"  Old  blast-furnaces  "  of  the  Cambria  Iron  Company,  at  Johnstown, 
Pennsylvania,  arising  from  the  increased  use  of  native  coke,  prepared 
in  Belgian  ovens  near  the  furnaces,  in  mixture  with  Connellsville 
coke,  in  the  production  of  Bessemer  pig-iron. 

This  M'as  the  more  surprising  at  that  time,  because  a  very  com- 
plete coal-crushing  and  washing  apparatus,  after  the  Bi*adford  plan, 
had  just  been  put  into  successful  operation,  affording  a  pure  coal  for 
coke-making.  It  was  confidently  expected  that  this  thorough  cleans- 
ing of  the  coal  would  improve  the  quality  of  the  coke  and  fit  it  for 
the  increasing  manufacture  of  Bessemer  pig-iron. 

But  the  trouble  with  the  native  coke  continued.  Experiments  in 
fuel  charges — increasing  and  reducing  them — failed  to  correct  the 
irregular  working  of  these  furnaces.  Increasing  the  charge  of 
native  coke  produced  abnormal  heat  at  the  top  of  the  furnace,  re- 
ducing it  cooled  the  furnace  below. 

At  this  stage  of  affairs,  the  Hon.  Daniel  J.  Morrell,  general  man- 
ager of  the  Cambria  Iron  Company,  requested  the  writer  to  make  the 
requisite  investigation  to  determine  the  nature  of  this  coke-difficulty, 
and  to  ascertain  why  the  Johnstown  coke  could  not  be  used  in  blast- 
furnace work  as  well  as  Connellsville.  This  task  at  first  did  not 
appear  to  present  any  special  difficulties,  but  subsequently  it  ex- 
panded into  proportions  that  caused  no  little  anxiety. 

The  first  effort  was  directed  to  procuring  average  samples  of 
Johnstown  and  Connellsville  coke.  At  this  period  of  the  investiga- 
tion, it  was  assumed  that  the  whole  matter  could  be  intelligently 
solved  by  comparing  the  chemical  analyses  of  the  two  cokes : 


Moisture, 
Volatile  matter, 
Fixed  carbon, 
Ash,     , 
Sulphur, 
Phosphorus, 


Analysts, 


Johnstown  Coke. 


90.48 
8.96 
0.56 


Connellsville  Coke. 
0.30 
0.46 
89.57 
9.11 
0.82 
0.014 


100.00 
T.  T.  Morrell. 


100.274 
A.  S.  McCreath. 
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An  inspection  of  the  above  results  showed  that  the  chemical  ele- 
ments in  the  two  varieties  of  coke  were  practically  equal  in  calorific 
value.  It  was  also  evident,  that  this  method  of  examination  alone 
would  fail  to  disclose  the  cause  of  the  inferiority  of  Johnstown 
coke. 

Just  what  line  to  pursue  in  future  research  was  not  at  once  ap- 
parent. There  was  no  douht,  however,  that  the  bad  working  of  the 
furnaces  was  due  to  the  coke. 

The  only  way  out  of  the  difficulty  seemed  to  be  in  an  examination 
of  the  literatuiH^  of  the  subject ;  for  I  assumed  that  a  matter  of  such 
prime  importance  in  metallurgical  operations,  would  have  received 
a  large  share  of  attention. 

Examinations  of  papers  in  the  annual  volumes  of  the  North  of 
England  Institute  of  Mining  Engineei-s  afforded  much  valuable 
matter  on  the  methods  of  coking,  but  did  not  throw  light  on  the 
question  under  consideration.  The  volumes  issued  yearly  by  the 
Smithsonian  Institution  were  consulted,  but  they  afforded  no  help. 
It  would  be  tedious  to  mention  the  works  examined  in  this  anxious 
search  after  the  properties  of  good  furnace-coke. 

A  few  days  were  next  devoted  to  a  careful  study  of  furnace-fuels, 
charcoal,  coke,  and  anthracite  coal.  Typical  specimens  of  each  were 
laid  on  my  table,  and  examined  frequently.  To  the  naked  eye 
these  fuels  appeared  quite  different — the  soft  charcoal,  the  hard 
glossy  anthracite,  and  the  intermediate  silvery  coke. 

Did  a  unit  of  carbon  in  all  of  these  forms  of  fuels  afford  equal  re- 
sults in  heat-calories  in  blast-furnace  use?  If  so,  why  should  there 
be  found  in  actual  use  any  difference  in  calorific  energy?  Why  was 
Johnstown  coke,  possessing  an  equal  value  in  carbon  with  Connells- 
ville,  inferior  to  the  latter  in  blast-furnace  work  ? 

It  occurred  to  the  writer  at  this  time,  that  the  cause  of  difference 
in  furnace-fuels  of  equal  carbon  value  must  be  attributed  to  their 
physical  structure.  A  careful  examination  of  the  three  fuels  with  a 
microscope  followed,  disclosing  differences  of  structure  distinctly 
characteristic  of  each  class  of  fuel. 

The  v^ry  dense  glossy  anthracite  shows  mere  traces  of  flattened 
disks  suggesting  cell-structure,  and  generally,  also,  the  laminated 
structure  of  the  coal-deposit.  The  coke  shows  a  silvery-bright  me- 
tallic appearance,  with  well-defined  cells  or  pores  of  different  sizes, 
indicating,  in  the  best  qualities,  thorough  fusion,  and  affording  no 
evidence  of  lamination,  or  of  the  structure  of  the  coal  from  which  it 
has  been  made.     There  are  a  few  exceptions  to  this  structure — nota- 
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bly  the  coke  or  rather  charred  coal  from  the  "Block-Coal  "  of  In- 
diana, which  retains  the  coul-structure,  just  as  charcoal  retains  the 
wood-structure.  Charcoal  shows  composite  cell-pores,  in  irregular 
stratified  groups  of  different  sizes,  recording  the  annual  formation 
of  pores  in  the  growth  of  the  wood. 

This  examination  afforded  the  first  light  on  the  subject,  and  indi- 
cated the  method  to  be  pursued  in  future  work.  It  also  suggested, 
in  part,  the  cause  of  the  difference  in  value  of  fuels  in  blast-fur- 
naces. 

Anthracite  coal  and  charcoal  had  already  afforded  satisfactory  evi- 
dence of  their  value  in  blast-furnace  operations ;  and  the  Connellsville 
coke  had  also,  in  its  use  in  the  Lucy  furnace,  at  Pittsburgh,  dis- 
played its  calorific  energy  by  producing  a  weekly  yield  of  over  700 
tons,  which,  at  the  time  (1875),  was  regarded  as  very  extraordinary 
work,  so  that  the  inquiry  was  now  reduced  to  the  single  question. 
What  is  the  matter  with  the  Johnstown  coke? 

In  the  further  examination,  in  the  endeavor  to  satisfactorily  an- 
swer this  inquiry,  it  was  assumed  that,  other  things  being  equal,  the 
calorific  energy  of  a  blast-furnace  fuel  is  in  proportion  to  the  surface 
afforded  to  the  oxygen  of  the  blast  in  the  region  of  the  tuyeres.  To 
determine  the  respective  cell-spaces  of  Connellsville,  Johnstown,  and 
other  cokes,  accurate  cubes  of  one  inch  were  cut  from  the  best  speci- 
mens of  each  class  of  cokes.  These  were  dried  at  200°  F.,  and 
weighed  dry.  They  were  then  placed  in  a  glass  of  distilled  water, 
under  the  receiver  of  an  air-pump,  and  the  air  was  pumped  partly 
out  of  the  cells  and  pores,  permitting  the  water  to  be  drawn  into  these 
spaces.  The  wet  cubes  were  then  weighed  and  the  difference 
was  noted. 

Cubes  of  coke  were  .used  for  the  reason  that  they  afforded  the  best 
form  for  making  the  additional  test  of  compressive  strength,  indicating 
their  relative  hardness,  and  consequent  ability  to  resist  the  action  of 
the  gases  in  the  upper  regions  of  the  furnace,  and  sustain  the  bur- 
den without  crumbling. 

In  the  determination  of  the  ratio,  in  coke,  of  body  to  cell-space,  it 
was  assumed  that  the  specific  gravity  of  water  was  approximately 
the  same  as  that  of  coke.  This  was  designed  to  meet  the  actual 
conditions  by  excluding  the  10  per  cent,  of  slate  in  coke.  The  cubes 
were  cut  out  of  the  inside  of  pieces  of  coke,  and  had  the  maximum 
development  of  cells. 

It  may  be  noted  here,  that  however  accurate  this  method  of  de- 
termination of  the  spaces  of  cells  and  pores  in  coke  may  be,  the 
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result  can  only  afford  an  aj^proximate  estimate  of  cell-walls  to  cell' 
spices. 

When  absolute  accuvaov  in  this  iiiqnirv  is  attained,  tiie  superficial 
area  of  cells  and  pores  exposed  to  the  action  of  the  gases  in  a  furnace, 
must  be  determined.  For  this  purpose  the  relative  sizes  of  the  pieces 
of  each  kind  of  coke  or  other  fuel  must  be  taken  into  calculation,  for 
the  more  diminutive  the  pieces,  within  certain  limits,  the  more  sur- 
face will  be  exposed  to  the  action  of  the  gasses,  and  hence  the  greater 
the  energy  of  the  fuel. 

The  appended  table  is  the  first  table  of  1875. 

In  the  review  of  this  table,  some  contradictory  and  perplexing 
results  were  encountered.  For  instance,  the  inferior  Johnstown 
coke  showed  more  cell  or  pore  space  than  the  superior  Connellsville 
coke:  the  latter  showing  62  per  cent,  of  coke  to  38  per  cent  of  cell 
space,  and  the  former  averaging  57  per  cent,  coke  to  43  per  cent  of 
cell-pores.  On  the  other  hand,  the  compressive  strength  of  Connells- 
ville coke  was  found  to  be  284  pounds  to  the  cubic  inch,  whilst  the 
Johnstown  coke  sustained  only  245  pounds,  clearly  showing  the 
softness  of  the  latter,  and  indicating  the  true  cause  of  its  inferiority, 
viz.,  softness  of  body  causing  it  to  be  ignited  in  the  tipper  regions  of 
the  furnace,  not  only  wasting  its  heat  there,  but  disarranging  the 
operations  of  the  furnace. 

From  these  results,  corroborated  by  furnace-practice,  the  desirable 
properties  of  good  metallurgical  coke  have  been  deduced — hardness  of 
body,  and  well-developed  cell-structure.  This  led  to  a  still  further 
inquiry  into  the  effects  of  the  three  principal  methods  of  coking  on 
the  physical  properties  of  the  coke  produced  by  each  kind  of  oven. 
These  were  published  in  volumes  L  and  G  of  the  Reports  of  the 
Second  Geological  Survey  of  Pennsylvania,  under  the  direction  of 
Professor  J.  P.  Lesley,  State  Geologist. 

During  the  intervening  years,  from  1875  to  1883,  the  study  of 
coke  has  been  kept  up  incidentally,  as  to  its  mode  of  preparation, 
quality  of  coal,  and  physical  properties  of  coke,  embracing  the  ex- 
amination of  samples  from  many  states  and  foreign  countries.  The 
old  table  has  been  expanded,  and  much  additional  evidence  secured, 
which  it  is  believed  will  enhance  the  practical  accuracy  of  the 
results. 

In  the  recent  progress  of  rapid  furnace-work  in  the  production  of 
Bessemer  pig-iron,  the  chief  requirement  of  coke-fuel  is  becoming 
hardness  of  body.  At  this  day  any  intelligent  furnace-superintend- 
ent will  settle  the  relative  value  of  cokes  in  a  few  rainutei  by  rub- 
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bing  pieces  against  each  other  ;  the  piece  sufTeriiig  the  least  by  abra- 
sion being  the  better  coke.  In  such  a  test  the  purity  of  the  cokes  is 
assumed  as  practically  equal. 

From  all  the  results  of  the  use  of  coke  which  the  writer  has  thus 
far  been  enabled  to  gather,  the  four  following  conditions  are  regarded 
as  essential  in  coke  designed  for  blast-furnace  use  in  the  production 
of  Bessemer  pig  iron  : 

I.  Hardness  of  Body. 
II.  "Well-Developed  Cell-Structure. 

III.  Purity. 

IV.  Uniform  Quality  of  Coke. 

I.  Hardness  of  Body. — The  best  coke  must  possess  hardness 
of  body  or  ccU-icaUs — not  density,  for  dense  cokes  are  frequently  soft 
or  punky,  whilst  hard  cokes  generally  afford  a  well-developed  cell- 
structures.  These  two  physical  properties,  hardness  and  full  cellular 
spaces,  are  correlated,  just  as  softness  of  body,  and  diminutive  cells 
or  density  are  associated. 

This  prime  requirement  of  hardness  of  the  body  of  the  coke  will  be 
evident  when  the  conditions  of  iffe  combustion  in  a  blast-furnace  are 
considered.  In  its  movement  down  the  furnace,  it  is  enveloped  in 
a  bath  of  hot  carbonic  acid  gas.  This  gas  possesses  the  power  of 
oxidizing  carbon  or  coke,  and  is  especially  destructive  of  the  soft 
variety.  Every  pound  of  coke  consumed  by  the  gas  in  the  upper 
region  of  the  furnace  is  a  double  loss,  by  the  reduction  of  temperature 
where  the  action  takes  place,  and  the  loss  of  fuel,  which  should  have 
been  burned  near  the  tuyeres. 

I.  Lowthian  Bell  has  shown  by  direct  experiment,*  that  all  forms 
of  carbon  are  not  equally  easily  affected  by  carbonic  acid,  and  that 
bard  coke  is  capable  of  resisting  its  solvent  action  much  more  than 
soft  coke,  the  latter  suffering  by  oxidation,  during  a  test  of  thirty 
minutes,  six  times  the  loss  of  the  former. 

The  value  of  a  coke  possessing  a  degree  of  hardness  which  makes 
it  less  susceptible  of  oxidation,  in  the  region  of  the  furnace  where  its 
combustion  involves  a  double  loss,  needs  no  further  emphasis. 

II.  Well-Developed  Cell- Structure. — Next  to  hardness 
of  body  in  coke,  a  well-developed  cell-structure  is  second  only  in 
importance.  This  arises  from  the  fact  that,  other  things  being  equal, 
the  useful  calorific  energy  of  a  blast-furnace  fuel  is  in  proportion  to 

*  Chemical  Phenomena  of  Iron  Smelting,  pp.  413,  414. 
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the  surface  exposed  to  the  oxygen  of  the  blast  in  the  region  of  the 
tuyeres.  Hardness,  with  density  of  physical  structure,  as  found  in 
anthracite,  which  is  a  natural  coke  produced  under  great  pressure, 
illustrates  this  position  conclusively  by  its  actual  work.  The  fol- 
lowing records,  illustrate  this  difference  in  density,  with  correspond- 
ing results,  in  blast-furnace  running  on  Connellsville  coke  and 
anthracite  coal. 

Connellsville  CoJce. —  The  run  of  the  Carnegie  Brothers  &  Co.'s 
Edgar  Thomson  "  E  "  furnace,  at  Pittsburgh,  for  the  three  weeks 
ending  November  11th,  was  1465  tons,  1629  tons,  and  1540  tons 
respectively.  This  output  was  on  54  per  cent,  ore,  and  was  made 
on  1  pound  of  coke  to  1  pound  of  iron.  Their  "D"  furnace  has 
made  299  tons  in  one  day,  1840  tons  in  seven,  and  7332  tons  in 
thirty-one  consecutive  days.     The  ton  used  is  2268  pounds. 

Anthracite  Coal. — The  yield  of  pig-iron  at  Colebrook  furnaces 
during  the  week  ending  Saturday,  December  16th,  was  577  tons  ajj 
No.  ]  Furnace,  and  575  tons  at  No.  2  Furnace.  The  total  yield  for 
the  week  from  both  stacks  was  1152  tons.  No  1  furnace  has  been 
in  blast  fourteen  weeks,  and  has  produced  in  that  time  6446  tons  of 
pig-iron,  averaging  460  tons  per  week.  No.  2  furnace  has  been  in 
blast  five  weeks,  and  produced  in  that  time  2389  tons,  averaging  478 
tons  of  pig-iron  per  week.  Cornwall  ore  was  used  exclusively  ;  the 
fuel  used  was  anthracite.  These  are  the  two  new  furnaces  of  Robert 
H.  Coleman,  at  Lebanon,  Pa.  No.  1  is  55  feet  high  by  14J  feet  in 
diameter ;  No.  2  is  80  feet  high  and  of  the  same  diameter  as  its  mate. 
The  ton  used  contains  2250  pounds.* 

In  general,  it  may  be  said  that  the  average  efficiency  of  coke  and 
anthracite  as  blast-furnace  fuels  may  be  represented  by  the  relative 
production  of  800  tons  and  500  tons  of  pig-iron  per  week. 

This  exhibits  a  relation  of  Connellsville  coke  to  anthracite  coal  of 
8  to  5.  A  careful  test  of  two  cokes  differing  in  density,  made  at 
Connemaugh  furnace,  showed  a  loss  of  11  percent,  in  product  arising 
from  the  denser  coke  alone. 

III.  Purity. — Sulphur,  free  or  combined  with  iron,  is  mainly 
found  in  the  coal-slates.  In  some  instances  these  slates  are  inter- 
leaved in  very  thin  plates  with  the  coal,  so  as  to  render  washing 
unsatisfactory.  In  other  coals  the  pyrites  are  found  in  lenticular 
pieces,  which  are  readily  removed  by  crushing  and  washing.  Hence 
it  follows,  in  a  general  way,  but  not  always,  that  the  more  slate  the 
more  sulphur.      Mr.  McCreath  has  shown  that  twenty-five  coals 

*  The  Iron  Age,  January  4th,  1883. 
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examlntxl,  containing  an  average  of  2.138  percent,  sulphui',  yielilod 
cokes  containing  an  average  of  1.912  per  cent,  of  snlphur. 

Phosphorus  is  a  more  difficult  element  to  locate.  The  inquiry  as 
to  the  relative  amounts  in  the  coal  and  its  slates  will  probably  be 
answered  when  Professor  J.  P.  Lesley  arranges  the  valuable  data 
now  being  collected  by  the  second  geological  survey  of  Pennsyl- 
vania. Mr.  Britton  found  in  two  samples  of  anthracite  coal  for 
furnace  use:  ash,  10.43;  phosphorus,  .049 ;  and  ash,  5.29;  phos- 
phorus, .0354.  In  examining  two  semi-bituminous  coals  he  found 
in  one,  ash,  5.03;  phosphorus,  .0085;  and  in  the  other,  ash,  4.94; 
and  phosphorus  only  a  trace.*  In  a  recent  series  of  tests  for  phos- 
phorus in  brown  hematite  iron  ore,  an  average  of  .099  was  found  in 
clean  ore,  .068  in  the  clay  in  the  ore,  and  .012  in  the  rock-matter 
associated  with  the  ore. 

One  general  principle  can  be  safely  deduced  from  the  foregoing 
data,  that  the  less  ash  there  is  in  the  coke  the  less  risk  of  the  in- 
crease of  sulphur  or  phosphorus  in  the  resultant  pig-iron.  In  many 
cases  there  is  danger  of  injuring  the  physical  condition  of  coke  by 
the  operation  of  washing  the  coal  free  from  slate.  The  washing  of 
some  coals  improve  the  coke,  in  others  it  injures  it. 

In  the  discussion  of  this  matter  at  the  Hazleton  meeting  of  the 
Institute  of  American  Mining  Engineers,  in  1874,  Mr.  Bell  further 
remarked,  as  to  the  relative  value  of  coke  made  from  washed  and  un- 
washed coal,  that  he  was  of  the  opinion  that  coke  made  from  coal 
that  did  not  require  washing  was  superior  to  that  made  from  washed 
coal.f  AVashing  coal  removes  valuable  hydrogenous  matter,  which 
aids  in  developing  cell-structure.  In  other  words,  in  many  cases 
the  loss  in  calorific  energy  by  the  increased  density  of  the  coke  from 
washed  coal,  would  more  than  overbalance  the  advantage  of  a  reduc- 
tion of  ash,  excepting  where  the  original  ash  is  excessive. 

IV.  UxiFOMiTY  OF  Quality  of  Coke. — This  is  a  very  im- 
portant requirement,  in  view  of  the  destructive  action  of  carbonic 
acid  gas  on  soft  coke.  The  "  black  ends,"  which  are  sometimes 
made  in  coking,  are  worse  than  useless  in  a  blast-furnace ;  and  if 
their  weight  is  reckoned  in  the  fuel-charge,  bad  results  must  follow. 
Hence- a  carefully-prepared  coke,  alike  all  through,  is  most  desirable 
for  regular  and  vigorous  work. 

These  principles,  the  result  of  some  years'  study,  have  been  em- 
bodied in  the  new  table,  enlarged  from  the  old  table  of  1875,  as  fol- 
lows : 

*  Transactions  of  American  Institute  of  Mining  Engineers,  i.,  228, 
J  Transactions,  iii.,  p.  182. 


220 


COKE    AS    A    FUEL   FOR    BLAST-FURNACE   USE. 


§- 


6' 


5!S 


.1^ 


eS 


• 

a> 

L, 

,« 

^ 

o 

03 

a 

1^ 

S 

n 

« 

H 

0] 

■5 

d 

H 

a 

o 
CO 

o 
H 

o 

a. 

o 
o 

o 

o 

-< 

•-s 

H 

P5 

a 

1    c 

O 

•ja? 

o 

o 

t^ 

. 

-•JBH  aiPsioA 

CO 

CO 
CO 

■stijoqdsoqd 

1—1 

1^ 

CO 

CO 

>^ 

O 

o 

<=> 

00 

a 

•jnqding 

00 

to 

CO 

o 

CO 

o 

o 

.-< 

o 

^ 

00 

CO 

1—1 

00 

1 

■qsy 

1-H 

o 

CO 

^ 

lO 

oi 

o 

00 

o 

a> 

o 

1— 1 

'^l 

M 

CO 

o 

1—1 
o 

o 

1—1 
O 

t^ 

GO 

00 

CO 

r~ 

iC 

IM 

00 

•noqjBOpaxij 

c> 

(M 

05 

a> 

05 

CO 

Oi 

00 

00 

00 

o 

(N 

o 

c 

CO 

lO 

•ilTABIQ  ogi39dg 

o 

CO 

CO 

I/: 
1> 

cr 

(N 

O 

lO 

lO 

o 

c- 

c 

o 

lO 

CO 

CO 

c 

lO 

(M 

CO 

CO 

CO 

CO 

c^ 

CO 

CO 

•838dg  JBitiipO  ni  jap.iQ 

^ 

I— 1 

^ 

1—1 

1-* 

"^      ^ 

^ 

•Sui 
-qsnjoinoqitii  ps^ioddns 

•^ 

CO 

o 

CO 

CO 

cr 
a 

o 

'sSjBqo-aoBi'unj.joiqSiaH 

1— 1 

'"' 

'-' 

aad  q}3U 

•(qiSagJig 
yi)  qoai  oinn.-) 

00 

00 

o 

o 

\r 

o 

00 

9Jlg  aAissaidinoo 

c^ 

(M 

(M 

CO 

c^ 

<M 

t^ 

t^ 

CO 

t^ 

V- 

C«" 

rH 

<£> 

t^ 

lO 

(- 

Cs 

<M 

ca 

•B\p3 

00 

lO 

IO 

^        c£ 

CD 

P 

CO 

CO 

-*l 

(M 

T} 

^        O- 

CO 

CO 

(N 

t^ 

CO 

a 

i        I> 

05 

g 

•95100 

lO 

CO 

(M 

Tj< 

c 

s      r- 

t^ 

V 

1—1 

•^ 

00 

•^ 

or 

)       c<- 

CO 

CO 

CO 

lO 

r^ 

11- 

>       t-- 

CO 

iO 

CO 

00 

05 

f_ 

i(       ,_ 

OS 

.s  ^ 

lO 

00 

CO 

T 

i      c: 

o 

•?aAV 

t— 

CO 

CO 

c- 

1      o- 

IO 

-2  5 

l^ 

QO 

t- 

t- 

a 

5         CC 

CO 

"^tl 

,_, 

lO 

f_ 

^       C 

<M 

•iia 

00 

CO 
CO 

C£ 
Of 

>       I-- 

5      c 

o 
c4 

TfH 

lO 

Tf< 

IO 

-^ 

*        10 

^ 

.s  ^ 

"O 

a> 

00 

CO 

c- 

>      cr 

Oi 

"J^Al 

(M 

T-l 

1—1 

00 

C£ 

5       c^ 

o 

o 

^ 

o 

03 

f_ 

<      a 

t^ 

1=1 

(M 

(M 

<N 

1— ( 

1— ' 

CO 

CO 

CO 

OS 

C£ 

>      c 

CO 

•jCj(I 

-^ 

t^ 

t^ 

t- 

r- 

c^ 

o 

c^ 

CO 

■^ 

<^ 

c^ 

,_f 

o    o 

1— 1 

1—1 

1—1 

• 

. 

• 

^ 

cS 

w 

■p 

'So 

o 

TJ" 

c 

c 

c- 
3       £ 

r 

. 

73 

3 

'3 

B 

c 

H 
o 

<u 

ca 

o 

'o 
c 

6 

^ 

M 

o 

c 

)       < 

s 

COKE   AS   A   FUEL   FOR   BLAST-FURNACE   USE.  221 

It  will  be  noted  that  the  chief  properties  relied  upon  from  1875 
until  the  present  are  the  hardness  of  the  coke  and  its  open  cellnlar 
structure.  Indeed,  recently  the  bulk  of  evidence  from  rapid-driving 
furnaces  has  concentrated  on  the  importance  of  hardness  of  the  body 
o(  the  coke,  the  cells  being  of  subordinate  importance;  for  it  has 
been  shown  that  hard  cokes,  with  a  low  ratio  of  cells,  have  some- 
times a  slender  stalactitic  structure,  produced  in  coking;  the  in- 
creased surface  thus  atJbrded  to  the  gases  of  the  furnace  compensa- 
ting for  the  smaller  proportion  of  cells. 

As  a  general  rule  it  has  been  found  that  the  properties  of  coal 
which  produce  complete  fusion  in  coking  and  yield  hard  coke  afford 
also  a  well-developed  cell-structure. 

It  may  be  well  to  bear  in  mind  that  the  size  of  furnace,  quality 
of  ore,  and  heat  and  pressure  of  blast,  are  important  elements  in  the 
determination  of  the  requirem'ents  for  coke-fuel. 

Until  quite  recently  two  principles  seem  so  have  governed  the 
methods  of  coking, — economy  of  production  and  large  percentage 
of  yield  of  coke.  The  production  of  the  most  desirable  physical 
condition  of  this  fuel  for  furnace-use,  by  diversified  methods  of 
coking,  has  not  yet  received  the  attention  its  importance  demands. 
This  inattention  to  methods  of  coking  has  been  largely  caused  by 
the  ease  with  which  coke  of  the  best  quality  is  produced  in  the  Con- 
nellsville  region. 

In  the  issue  of  Coal,  February  14th  last,  the  editor,  in  a  review 
of  the  writer's  article  ou  the  comparative  values  of  coke,  remarks : 

"  We  cannot  help  believing  that  some  of  these  differences  could 
be  overcome  if  in  other  districts  the  Connellsville  coking  methods 
were  not  blindly  followed.  What  is  good  practice  in  one  section  is 
not  necessarily  the  best  in  another,  and  until  in  each  the  right  tem- 
perature of  coking  is  struck  by  careful  experimenting.  A  glance 
at  the  table  would  lead  us  to  believe  that  quicker  coking, — that  is, 
a  higher  temperature,  would  do  the  West  Virginia,  and  particularly 
the  Illinois  coke,  good,  while  the  Clearfield  would  be  improved — 
that  is,  made  more  open — by  slower  coking." 

The  Illinois  Central  Iron  Mining  and  Coal  Company  has  been 
using  a  more  rapid  mode  of  coking  by  sustaining  the  heat  in  its 
oblong  ovens  (36'x8'x4^'  high, — Thomas's  patent),  by  pushing 
out  the  hot  coke  and  quenching  on  the  outside  of  the  oven.  The 
result  has  been  very  satisfactory. 

The  use  of  superheated  steam,  in  coking  lignite,  has  been  for 
many  years  in  practical  operation  at  Vordenburg,  Austria.     The 
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final  temperature  in  this  or  similar  operations  in  Germany  was 
found,  by  F.  Fischer,  to  be  450°  C. 

Wliether  the  heat  of  coking,  in  slow  or  quick  methods,  will  en- 
able one  to  control  the  process  in  ovens  with  shallow,  horizontal 
charges,  on  the  principle  of  the  beehive,  or  whether  some  pressure 
must  be  used  by  deep  charges,  after  the  principle  of  the  Belgian  or 
Appolt  ovens,  to  repress  a  tendency  to  inflated  physical  structure, 
must  be  determined  by  experiment.  One  thing  seems  clear,  in  all 
coking  operations  :  that  no  application  of  heat  or  pressure  should  be 
made  which  would  tend  to  make  a  coke  which  would  approximate 
to  the  undesirable  dense  structure  of  anthracite  coal,  or,  as  it  may 
be  called,  natural  coke,  made  under  immense  pressure.  If  rapid 
heating  is  required,  oblong  ovens,  with  or  toitliout  flues,  could  readily 
be  adopted  without  the  deepening  of  the  coal-charges,  which  would 
have  the  effect  of  producing  an  undesirable  density  in  the  coke. 

From  these  considerations  it  appears  that  the  character  of  the  coal 
to  be  coked  is  first  to  be  considered,  and  that  the  kind  of  oven  and 
its  heat-requirements  follow. 

During  the  year  1880  an  effort  was  made  to  ascertain  how  the 
best  varieties  of  coking-coals  could  be  known  by  a  ready  test.  A 
number  of  the  well-known  prominent  types  were  experimented  on 
for  their  capacity  to  reabsorb  moisture  from  the  atmosphere  during 
two  hours'  exposure,  after  having  been  dried  to  212°  F.  The  re- 
sults, however,  did  not  justify  the  experimenter  in  coming  to  definite 
conclusions.  The  only  sure  test  for  the  coking  properties  of  coal  is 
in  the  large  way,  having  an  ovenful  coked  by  quick  or  slow  heats, 
and  the  product  examined  carefully. 

The  forthcoming  report  of  Joseph  D.  Weeks,  Esq.,  of  Pittsburgh, 
special  expert  of  coke-industries  of  the  tenth  census,  will  be  found 
a  most  valuable  and  exhaustive  work  on  all  that  pertains  to  the  his- 
tory, manufacture,  and  use  of  coke  in  the  United  States  and  other 
countries. 

At  the  June  meeting  of  the  Institute  at  Roanoke,  Va.,  Mr.  Fred- 
erick P.  Dewey,  of  Washington,  read  a  paper  on  the  "  Porosity  and 
Specific  Gravity  of  Coke,"  in  which  he  takes  occasion  to  say  that, 
"the  facts  on  record  of  its  physical  properties  are  exceedingly 
meagre ;  and  this  is  also  true,  but  in  a  less  degree,  of  its  chemical 
composition.  An  investigation  is  being  carried  on  in  the  National 
Museum  which  is  intended  to  supply,  so  far  as  may  be,  this  defi- 
ciency." Professor  Baird,  Director  of  the  Museum,  permits  him  to 
present  to  the  Institute  a  summary  of  the  results  already  obtained. 
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"So  far  as  I  am  aware,  the  only  attempts  to  determine  exj>eri- 
nientally  any  ot'  the  physical  jn'operties  of  coke,  are  those  made  by, 
Mr.  John  Fulton,  mining  engineer,  of  the  Cambria  Iron  Company." 

In  reply  to  the  criticisms  of  my  work  in  Mr.  Dewey's  paper  I 
would  say  that  in  the  method  of  the  writer,  in  1875,  it  was  designed 
to  eliminate  the  readily  available  cell-spaces,  making  allowances  for 
the  maximum  cell-spaces  found  in  a  cube  cut  necessarily  from  the 
middle  of  a  piece  of  coke,  and  excluding  the  10  per  cent,  to  15  per 
cent,  slate  matter  in  the  coke.  The  relation  of  body  of  coke  to  the 
cellular  space  found  in  this  way  was,  in  Connellsville  coke,  61.53 
per  cent. ;  38.47  per  cent. 

Mr.  Dewey  gives  the  percentage  in  Connellsville  coke  as  follows : 
"Coke,  51.61  per  cent. ;  cells,  48.39  per  cent." 

Both  of  these  methods  are  only  approximate.  This  arises  from 
the  fact  that  the  mere  cellular  space  has  not  been  and  cannot  be  used 
as  an  element  in  the  practical  determination  of  the  value  of  cokes  for 
blast-furnace  use.  Furnace-gases  cannot  act  on  cell-spaces;  they 
can  only  act  on  exposed  surfaces.  The  determination  of  cellular 
spaces  merely  corroborates  the  inspection  of  cells  by  the  microscope. 

As  before  submitted,  an  accurate  method  must  determine  the  rela- 
tions of  the  solid  parts  of  the  coke  to  the  surface  aiForded  by  the 
inclosing  walls  of  its  cells  and  pores. 

The  writer  has  always  been  careful  to  accord  his  associates  full 
merit  for  their  helpfulness  in  the  coke-determinations;  but  he  claims 
exclusively  the  origination  of  the  methods  of  examination. 


AX  ACCOUNT  OF  A  CHEMICAL  LABOBATORT  ERECTED 
AT  WYANDOTTE,  MICHIGAN,  IN  THE  YEAR  1863. 

BY  W.   F.    DXJRFEE,   BRIDGEPORT,   CONN.* 

In  the  year  1862  the  author  of  this  paper  was  called  upon  to  de- 
sign and  superintend  the  erection  and  working  of  the  machinery 
of  an  experimental  works  for  the  production  of  steel  by  a  process 

*  Mr.  Durfee  prefaced  the  reading  of  this  paper  with  the  following  remarks: 
Mr.  President  :  Before  proceeding  with  the  reading  of  my  paper,  I  desire  to 
thank  yon  for  your  kindly  words  relative  to  my  work  at  Wyandotte, — a  work,  as 
compared  with  the  immense  improvements  in  methods  and  machinery,  since  effected 
by  the  labors  of  the  late  A.  L.  Ilolley,  the  Fritz  Brothers,  and  many  other  "good 
men  and  true,"  was  full  of  imperfections ;  but  I  claim  for  it  that  it  was  as  good 
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discovered  by  Mr.  William  Kelley.  These  works  were  located  at 
Wyandotte,  Michigan.  Mr.  Kelley's  invention  was,  as  is  now  well- 
understood  by  all  who  are  familiar  with  metallurgical  matters,  iden- 
tical in  principle  with  that  which  is  now  known  all  over  the  world 
as  the  "  Bessemer  process."  Very  soon  after  entering  upon  the 
study  of  the  theory  of  the  process  (for  practice  at  that  date  in  this 
country  there  was  none)  it  became  evident  to  me  that  an  accurate 
knowledge  of  the  chemical  constituents  of  the  metals  and  other  ma- 
terials employed  was  essential  to  its  successful  conduct.  I  reasoned 
that  as  all  pig-irons  did  not  form  the  basis  of  equally  good  wrought 
irons,  so  there  was  no  probability  of  uniformly  good  steel  being  pro- 
duced from  miscellaneous  metal ;  and,  further,  that  while  in  the 
then  state  of  our  knowledge,  it  would  be  impossible  to  predict  from 
chemical  analysis  just  what  was  the  best  iron  for  the  new  process, 
it  would  be  possible,  after  having  demonstrated  by  experimental 
working  that  certain  irons  were,  and  others  were  not,  suited  for  our 
purpose,  to  make  an  analytical  comparison  of  them,  the  result  of 
which  would  be  a  permanent  guide  for  future  operations,  enabling 
us  to  determine  by  analysis  and  comparison,  whether  any  offered 

pioneer  work  as  was  ever  done  in  the  early  days  of  any  invention,  the  development 
and  improvement  of  which  has  largely  augmented  the  happiness  of  mankind. 

Neither  the  steam-engine  of  Watt  nor  the  locomotive  of  Stephenson  would  at  this 
day  be  regarded  as  an  example  of  good  mechanical  design.  The  ships  of  Columbus 
would  not  now  be  considered  the  best  models  of  naval  architecture,  but  they  accom- 
plished their  purpose  by  successfully  encountering  the  perils  of  unknown  seas,  and 
revealed  to  admiring  nations  the  wonders  of  a  New  World.  At  the  time  when  the 
experimental  works  at  Wyandotte  were  designed  and  erected,  the  promoters  of 
the  new  method  of  decarbonizing  pig-iron,  now  known  as  the  "  Bessemer  pro- 
cess," were  without  a  lamp  to  their  feet  or  a  guide  to  their  path,  groping  with 
"unsteady  step  and  slow"  in  a  darkness  where  everytliing  was  "without  form 
and  void,"  in  search  of  the  means  by  wliich  to  practically  realize  those  results 
which  a  firm  and  unwavering  faith  in  the  undertaking  which  they  had  in  hand 
told  them  were  possible.  In  those  early  days,  the  atmosphere  in  which  I  moved 
was  heavy  with  a  fog  of  discouragement.  All  the  so-called  "  practical  iron  men" 
in  the  vicinity  of  Wyandotte  were  opposed  to  the  new  enterprise.  I  well  remember 
the  sneers  of  contemptuous  incredulity  which  greeted  my  statement,  that  the  time 
would  come  "when  a  steel  rail  could  be  made  cheaper  than  an  iron  one ;"  and  now 
that  that  time  has  arrived,  as  I  look  back  upon  my  early  work  with  the  added  ex- 
perience of  twenty  years  to  aid  the  retrospection,  I  do  not  hesitate  to  claim  that  it 
was  as  good  a  solution  of  the  problem  presented,  as  was  possible  under  the  circum- 
stances of  time  and  environment. 

If  the  paper  which  I  am  about  to  read,  descriptive  of  the  chemical  work  under- 
taken at  Wyandotte  accomplishes  no  other  purpose,  it  will  at  least  serve  to  break 
that  "singular  silence,"  so  significantly  referred  to  by  Mr.  Forsyth  (in  his  paper 
on  the  Bessemer  plant  of  the  North  Chicago  Rolling  Mill  Company),  as  existing  on 
the  part  of  "all  those  connected  with  the  early  work  at  Wyandotte." 
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bnind  of  iron  was  of  suitable  quality,  thus  saving  a  large  outlay  for 
direct  experiment  in  the  "converter,"  and  serving  as  a  check  upon 
the  running  of  the  blast-furnaee,  as  well  as  a  guide  in  the  purchase 
of  metal  and  other  materials.  These  considerations,  and  others  of 
an  administrative  character,  determined  the  construction  of  a  chem- 
ical laboratory  as  an  adjunct  to  the  works.  The  importance  of  a 
thorough  knowledge  of  the  chemistry  of  the  new  process,  and  the 
necessity  for  a  laboratory  in  close  proximity  to  the  proposed  works, 
to  facilitate  the  attainment  of  such  knowledge,  was  promptly  recog- 
nized, and  the  construction  of  the  laboratory  cordially  approved 
by  the  late  Z.  S.  Durfee,  who  was  acting  as  secretary  of  the  parties 
in  interest  (of  whom  he  was  one);  and  in  the  spring  of  the  year  1863, 
he  secured  the  services  of  Mr.  Emile  Schalk,  a  native  of  Germany, 
and  a  graduate  of  the  £cole  Centrale  of  Paris,  as  chemist.  Mr. 
Schalk  purchased  a  stock  of  chemicals,  together  with  necessary 
glassware  and  other  apparatus  for  use  in  the  laboratory ;  but  as  the 
building  was  not  completed  when  he  reached  Wyandotte,  he,  at  the 
request  of  the  late  Captain  E.  B.  Ward,  assisted  in  the  organization 
of  an  exploring  party,  which  he  accompanied  to  Northern  Wisconsin. 
The  result  of  this  expedition  was  the  discovery  of  a  number  of  de- 
posits of  iron-ore.  On  Mr.  Schalk's  return  in  October  (1863),  the 
laboratory  being  finished,  he  at  once  proceeded  to  analyze  samples 
of  the  ores  he  had  discovered.  I  am  able  to  give  his  analysis  of 
four  of  these  samples. 

Sample  1. 

Iron, 59.70 

Oxygen, 22.47 

Silica, 17.65 

Magnesia,  ..........         .16 

Nickel trace 

Loss, 02 

100.00 
Sample  2. 

Iron, 53.39 

Oxygen, 20.18 

Silica, 26.20 

Magnesia,  ..........         .20 

Nickel, i         .        .     trace 

Loss, 03 

100.00 

VOL.  XII. — 15 
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Sample  3. 


Iron, 

Oxygen, 

Silica,        .......... 

Magnesia,  ......... 

Nickel,      ...........     trace 

Loss, 03 


50.16 

19.81 

29.40 

.60 


100.00 


Sample  4. 


Iron, 49.90 

Oxygen, 19.01 

Silica 30.02 

Magnesia,          ..........  .90 

Nickel, trace 

Loss, .17 

100.00 

Mr.  Schalk  also  commenced  some  original  investigations  with  a 
view  to  the  determination  of  the  influence  of  nitrogen  upon  steel. 

Fig.  1. 


These  promised  to  develop  very  interesting  and  valuable  results,  but, 
unfortunately,  circumstances  for  which  Mr.  Schalk  was  in  no  way 
responsible,  caused  his  resignation  in  December,  18G3,  before  they 
were  completed.  Of  Mr.  Schalk's  abilities  I  had  the  highest  esti- 
mation, and  I  very  much  regretted  his  departure  from  Wyandotte. 
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Ilaviiiir  ilosoriboil  tlie  inooption  and  initial  work  of  the  AVyandotte 
Laboratory,  1  will  now  call  your  attention  to  its  arrangement,  and 
also  to  some  of  the  apparatus  employed.  As  shown  by  the  plan  (Fig. 
1),  the  main  building  wiis  about  24  feet  square;  it  was  divided  by  a 

Fig.  2. 


r 

K 


Front  Elevation. 


partition  into  two  rooms,  A  and  B,  of  equal  size,  wiiich  communi- 
cated by  a  door  at  Z.  At  the  rear  of  this  building  was  a  lean-to 
shed,  C,  which  was  entered  from  without  by  the  door  d,  and  from 


p 

Fic 

..  3. 

^ 

1 

R 

K 

f    I 
\-    1 

J. -J 

Fig.  4. 


Plan. 


End  Elevation. 


within  by  the  door  a;,  communicating  with  the  room  A,  at  the  oppo- 
site end  of  which  was  placed  the  entrance-door  y. 

The  room  A  was  u.sed  for  general  analytical  work  ;  it  was  pro- 
vided with  three  work-tables,  the  requisite  shelving  for  reagents  and 
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apparatus,  a  large  pair  of  balances,  a  sand-bath  furnace  having  a 
hot-water  reservoir  attaciied,  a  small  assay  furnace,  a  sink,  an  abun- 
dant supply  of  water,  and  an  oxy-hydrogen  blow-pipe,  the  gas-hold- 
ers of  which  were  located  at  0,H.     The  room  B  was  provided  with 


Fig.  5. 


Fig.  6. 


Section  through  C  D  in 
Fig.  6. 


Section  through  A  B  in  Fig.  4. 


a  stove,  a  desk,  assay  balances,  shelving  for  specimens  of  minerals 
and  metals,  and  a  work-table  having  a  case  of  shelves  above  it,  at  the 
end  of  which,  at  P,  was  placed  an  apparatus  by  which  permanganate 


Fig.  7. 


of  potassa  was  used  for  determining  the  amount  of  metallic  iron  in  a 
solution  of  its  protochloride  by  titration.     Of  the  construction  of 
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this  apparatus  I  shall  presently  j^ive  the  details.  The  rooms  A  and 
B  were  about  18  teet  in  height,  and  were  amply  lighted  by  the 
windows,  W. 

In  the  corner  of  the  lean-to  shed,  C,  was  placed  a  "melting-hole  " 
large  enough  to  receive  a  pot  containing  70  pounds  of  melted  metal. 
For  convenience  this  melting-hole  was  placed  on  a  level  with  the 
floor  of  the  shed,  and  blast  was  supplied  from  the  blowing-engines 
of  a  neighboring  furnace  by  means  of  an  underground  pipe.  In  the 
room  C  was  kept  a  stock  of  crucibles,  the  tongs,  and  other  tools 
used  for  working  the  "melting-hole,"  an  anvil,  hammers  of  several 
sizes,  an  iron  mo'rtar  and  pestle,  and  sundry  supplies  such  as  clay, 
sand,  charcoal,  etc.  The  sand-bath  furnace  was  located  in  one  corner 
of  the  room  A  (Fig.  1).  Its  construction  is  illustrated  in  Figs,  2,  3, 
4,  5,  and  6.  The  basin,  S,  for  holding  the  sand  was  made  of  wrought 
iron,  I  inch  in  thickness.  The  water  in  the  copper  reservoir,  R,  was 
kept  at  or  near  the  l>oiling-point  by  the  waste  heat  from  the  fire  at  F. 
The  reservoir  was  provided  with  a  cock,  K,  for  drawing  off  its  con- 
tents. Two  drying  ovens,  O,  of  copper,  were  imbedded  in  the  brick- 
work. The  inclosed  space  above  the  sand-bath  was  provided  with 
weighted  sashes  on  its  front  and  right-hand  end,  and  was  ventilated 
at  its  top  by  an  opening  into  the  chimney-flue.  This  construction 
of  sand-bath  was  found  to  be  very  convenient. 

The  permanganate  of  potassa  apparatus  is  illustrated  in  Fig.  7. 
Though  the  same  in  principle,  it  is  not  of  the  precise  construction  as 
that  used  at  Wyandotte,  but  contains  some  improvements,  the  result 
of  experience,  which  render  it  more  substantial  and  convenient.  The 
apparatus  consists  of  a  large  two-necked  bottle.  A,  for  holding  the 
permanganate  solution,  to  the  left-hand  neck  of  which  is  adapted  a 
glass  tube,  T,  which  extends  nearly  to  the  bottom  of  the  bottle,  its 
upper  end  being  tapered  and  curved  so  that  its  extremity  is  directly 
above  the  centre  of  the  upper  end  of  the  graduated  "  burette,"  B. 
This  "  burette  "  is  supported  by  the  clamps  C,  C,  from  which  it  can 
readily  be  removed  for  cleaning;  its  lower  end  is  provided  with  a 
pinch-cock,  K,  having  a  glass  adjutage,  J.  When  the  apparatus  is 
not  in  use,  there  is  a  piece  of  plate  glass,  G,  interposed  between  the 
top  of  the  "  burette"  B,  and  the  outer  end  of  the  tube  T  ;  this  ef- 
fectually prevents  dust  from  entering  either  the  "burette"  or  the 
tube.  To  the  right-hand  neck  of  the  bottle  A  is  fitted  a  tube,  U, 
whose  inner  end  communicates  with  the  space  above  the  solution  in 
the  bottle,  and  after  passing  through  the  cork,  and  curving  through 
an  angle  of  180°,  it  descends  perpendicularly,  and  passes  through 
the  cork  in  the  left-hand  neck  of  the  small  two-necked  bottle  S,  into 
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the  space  above  the  concentrated  sulphuric  acid,  with  which  the 
bottle  is  nearly  filled.  The  right-hand  neck  of  this  bottle  has  adapted 
to  it  a  glass  tube,  X,  whose  inner  end  passes  nearly  to  the  bottom 
of  the  bottle,  outside  of  which  the  tube  ascends  above  the  level  of 
the  top  of  the  bottle  A,  and  then  by  a  semicircular  curve  to  the  right 
it  reaches  the  upper  end  of  the  air-pump  P,  which  is  supported  by 
a  couple  of  screw-eyes,  e,  e,  at  such  a  distance  from  the  wainscoting 
as  to  admit  of  the  hand  readily  grasping  the  bulb  of  the  pump. 

When  we  wish  to  fill  the  "  burette"  with  the  permanganate  solu- 
tion we  proceed  as  follows :  The  glass  plate  G  is  removed,  and  the 
air-pump  P  is  worked;  thus  forcing  air,  by  way  of  the  tube  X,  into 
and  through  the  concentrated  sulphuric  acid  in  the  bottle  S;  this 
acid  arrests  all  the  moisture  and  organic  matter  in  the  air,  which 
then  passes  through  the  tube  U,  into  the  space  above  the  perman- 
ganate solution  in  the  bottle  A ;  as  the  pressure  increases  the  per- 
manganate rises  in  the  tube  T,  and  finally  runs  into  the  "burette" 
in  a  stream  M'hose  flow  is  easily  controlled  by  the  more  or  less  rapid 
working  of  the  air-pump  P;  in  fact,  as  the  level  of  the  solution  in 
the  "burette"  approaches  the  zero  of  its  graduation,  the  stream  can 
be  made  to  resolve  itself  into  a  series  of  rapidly-succeeding  drops, 
w^hich  can  be  promptly  arrested  by  stopping  the  action  of  the  air- 
pump  P.  From  the  "burette"  the  permanganate  solution  can  be 
drawn  by  the  pinch-cock  K  into  the.  solution  of  proto-chloride  of  iron 
contained  in  the  beaker  V,  rapidly  or  slowly,  as  the  rate  of  oxida- 
tion requires.  The  apparatus  described,  when  once  arranged  and 
provided  with  a  properly  standardized  solution,  is  more  available  and 
convenient  than  any  other  within  my  knowledge  intended  for  a 
similar  purpose. 

At  the  time  of  which  T  am  speaking,  among  the  many  practical 
questions  that  were  presented  for  solution,  that  relative  to  the  ma- 
terial for  lining  the  converting  vessel  was  a  most  difficult  and  im- 
portant one.  The  requisites  for  a  good  lining  appeared  to  rae  to  be 
these : 

1.  It  should  at  the  outset  be  of  a  plastic  or  semi-plastic  nature, 
to  facilitate  its  solid  compression  between  the  brickwork  in  the  con- 
verter and  a  removable  core. 

2.  Its  composition  should  be  such  as  to  admit  of  its  being  baked 
in  place  into  a  solid  mass. 

3.  This  mass  should  have  sufficient  cohesion  to  resist  the  me- 
chanical erosive  action  of  the  turbulent  fluid  metal  in  the  converter. 

4.  The  lining  should  be  able  to  withstand  an  exceedingly  high 
temperature  for  a  prolonged  period  without  melting. 


i 
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5.  It  should  oppose  a  maximum  resistance  to  the  fluxinc^  action 
of  the  highly  heated  metallic  oxides  and  other  impurities  iu  the  con- 
verter. 

Experimenting  in  the  converter  with  materials  for  linings  I  was 
sure  would  be  very  expensive,  and,  in  the  event  of  frequent  failures, 
discouraging ;  it  was,  therefore,  desirable  to  have  as  little  of  this  as 
possible,  and,  with  a  view  of  throwing  all  obtainable  light  upon  the 
question,  I  determined  to  institute  a  series  of  experiments  on  mate- 
rials for  converter-linings  in  the  laboratory.  It  was  clearly  possible 
to  bake  in  a  melting-pot  or  a  reverberatory  furnace  small  bricks  or 
balls  of  any  combination  of  refractory  materials,  and  these  could  be 
compared  as  to  their  friability  and  fusibility.  It  was  evident  that, 
in  order  to  correctly  compare  the  fusibility  of  the  various  combina- 
tions, it  would  be  necessary  to  submit  samples  of  equal  weight  to 
the  action  of  as  uniform  and  as  high  a  temperature  as  it  was  pos- 
sible to  attain  ;  and  that,  the  temperature  being  uniform,  the  com- 
parative fusibility  of  the  various  materials  under  investigation  would 
be  measured  by  the  relative  time  required  to  melt  each  specimen. 
The  difficulty  of  securing  a  uniform  temperature  by  the  use  of  any 
kind  of  solid  fuel  appeared  to  be  insurmountable,  and  I  therefore 
decided  to  use  some  form  of  gas-blowpipe;  but  there  not  being  any 
gas-works  in  the  town,  it  became  necessary  to  select  some  form  of 
gaseous  fuel  that  could  be  readily  produced  of  uniform  quality  in 
the  laboratory.  I  could  think  of  no  combustible  gas  that  could  be 
generated  in  a  state  of  uniform  purity  by  the  means  at  my  command 
as  easily  as  hydrogen,  but  in  order  to  get  the  highest  temperature 
attainable  by  its  use,  it  was  necessary  to  employ  oxygen  in  connec- 
tion with  it.  In  short,  I  Avas  naturally  led,  by  the  character  of  the 
proposed  investigations  and  the  nature  of  my  environment,  to  the 
employment  of  the  "oxy-hydrogen  blowpipe."  But  the  oxy-hydrogen 
blowpipe  as  to  that  date  constructed  was,  for  my  purposes,  defective 
in  one  particular,  viz.,  no  form  of  it  with  which  I  was  acquainted 
had  any  certain  provision  by  which  the  two  gases  employed  could 
be  sent  to  the  point  of  combustion  in  exactly  their  combining  pro- 
portions— two  volumes  of  hydrogen  with  one  volume  of  oxygen — 
and  unless  that  result  was  attained  the  temperature  of  the  blowpipe- 
flame  would  necessarily  be  variable,  and  no  two  experiments  would 
be  fairly  compared. 

This  consideration  caused  me  to  devise  what  I  believe  to  be  a  novel 
method  of  assuring  the  proper  combination  of  the  two  gases;  and  it 
is  to  this  feature,  as  well  as  to  the  general  character  of  the  apparatus 
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for  holding  them,  that  I  now  ask  your  attention.  The  two  gas- 
holders, H,  O  (Fig.  8),  intended  respectively  for  hydrogen  and 
oxygen,  were  made  of  galvanized  iron.  They  were  each  strength- 
ened by  two  circumferential  bands  of  the  same  metal,  and  additional 
strength  was  given  the  hydrogen-holder  by  a  bolt  which  united  the 
centres  of  its  ends.  The  two  gas-holders  were  of  the  same  height, 
but  their  respective  diameters  wei^  such  that  the  area  of  a  cross- 
section  of  H  was  twice  that  of  a  similar  section  of  O. 

The  gas-holders  stand  upon  the  cover  of  a  shallow  cistern,  C, 
which,  when  the  apparatus  is  in  use,  is  filled  with  water.  The  gas- 
holders  were  supplied  with  water  from  an   elevated  reservoir  by 

Fig.  8. 


Elevation. 


pipes,  P,  P^,  which,  passing  air-tight  through  their  tops,  extended 
nearly  to  their  bottoms.  The  rate  of  admission  of  the  water  to  each 
gas-holder  was  adjusted  by  the  valves  I,  I' ;  its  function  was  to  expel 
the  gas  from  the  holders  through  the  small  rubber  tubes  H',  O',  at- 
tached to  the  regulating  valves  X,  X\  Each  of  the  gas-holders 
was  provided  with  a  glass  water-gauge  tube  T,  T',  having  valves,  a, 
a\  b,  b\  by  closing  which  communication  between  each  tube  and  the 
interior  of  the  gas-holder  to  which  it  was  attached  could  be  cut  off. 
Near  the  bottom  of  the  gas-holders  were  located  two  cocks,  V,  V^, 
and  Y,  Y",  each  of  the  latter  having  attached  short  pieces  of  tubing, 
which  extended  nearly  to  the  bottom  of  the  water  in  the  cistern  C, 
before  named.     This  cistern  is  provided  with  a  tubular  overflow 
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plug,  Z,  which,  when  in  place,  determined  the  maxinnim  depth  of 
water  in  the  cistern,  and  by  the  removal  of  which  the  cistern  conld 
be  emptieil.     (See  Figs.  8  and  9.) 

Before  describing  the  operation  of  the  apparatus  I  will  explain 
the  method  bv  which  the  holders  were  filled  with  gas,  and  for  that 
purpose  will  ask  you  to  suppose  that  we  are  about  to  fill  the  holder 
H  with  hydrogen.  We  first  uncouple  the  rubber  tube  H'  from  the 
valve  X,  which  we  then  open,  as  also  the  valves  a  and  b,  and  make 
sure  that  the  cocks  V  and  Y  are  closed  ;  we  then  open  the  valve  I, 
and  allow  the  water  to  fill  the  gas-holder,  the  air  in  which  being 
expelled  at  the  open  valve  X' ;  but  as  soon  as  the  water  manifests 
itself  at  that  valve  it  is  closed,  as  also  the  valve  I.  The  air  having 
thus  been  ex])elled,  and  the  gas-holder  filled  with  water,  we  now 
couple  to  the  cock  V  one  end  of  an  iron  pipe,  whose  other  end  is 

Fig.  9. 

WATER  SUPPLY 


Plan. 


connected  with  the  apparatus  for  generating  the  gas,  care  being  taken 
that  some  point  in  this  pipe  is  considerably  higher  than  the  top  of 
the  gas-holder.  All  the  connections  being  properly  made  and  the 
generator  at  work,  we  open  the  cocks  V  and  Y,  and  as  the  gas  enters 
the  holder  it  displaces  the  water  therein,  which  finds  an  exit  through 
the  cock  Y  into  the  cistern  C,  and  finally  over  the  top  of  the  tubular 
plug  Z  into  the  drain-pipe,  in  which  the  plug  is  inserted;  thus  a 
certain  depth  of  water  is  maintained  in  the  cistern  C,  and  as  the  pipe 
attached  to  the  cock  Y  extends  nearly  to  the  bottom  of  this  water^ 
all  air  is  prevented  from  entering  the  gas-holder  during  the  process 
of  filling  it  with  gas.  The  rate  at  which  the  gas  enters  the  holder 
is  indicated  by  the  descent  of  the  water  in  the  glass  tube  T,  and  the 
final  completion  of  the  filling  process  by  bubbles  of  gas  rising 
through  the  water  in  the  cistern  C,  from  the  lower  end  of  the  tubular 
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extension  of  the  cock  Y ;  when  these  bubbles  make  their  appearance 
the  cocks  V  and  Y  are  closed;  the  iron  pipe  connection  to  the  gas 
generator  is  disconnected  ;  and  after  coupling  the  rubber  tube  H'  to 
the  valve  x  the  gas-holder  H  is  ready  for  use.  The  gas-holder  O  is 
filled  in  the  same  manner  with  oxygen. 

When  this  apparatus  is  used  we  proceed  as  follows :  The  valves 
1, 1\  are  opened  to  their  fullest  extent  in  order  to  equalize  the  pressure 
in  the  two  gas-holders ;  the  rubber  tubes  H\  0\  are  connected  with 
the  blowpipe  ;  the  valve  X  is  partly  opened,  and  the  jet  of  hydrogen 
issuing  from  the  blowpipe  is  ignited.  The  valve  X^  is  then  opened 
and  so  adjusted  that  the  water  rises  in  the  gauge  tube  T',  at  the  same 
rate  as  in  the  tube  T ;  and  when  the  water  in  these  tubes  rises  with 
a  uniform  velocity,  the  two  gases  combine  at  the  blowpipe,  in  the 
proportion  of  two  volumes  of  hydrogen  and  one  of  oxygen,  giving 
the  maximum  heat  for  the  gas  consumed  ;  but  it  is  evident  that  as 
the  amount  of  heat  developed  in  a  given  time  will  be  proportioned  to 
the  gas  consumed  in  that  time,  it  is  necessary  to  so  adjust  the  valves  X 
and  X',  that  the  same  amount  of  gas  is  always  consumed  in  a  unit  of 
time  ;  for  unless  this  were  accomplished,  no  correct  comparison  of  the 
fusibility  of  the  several  samples  of  refractory  material  under  ex- 
amination could  be  made.  The  samples  of  refractory  materials  to  be 
tested  were  placed  in  a  shallow  cavity  cut  in  a  firebrick;  this  was 
surrounded  with  pieces  of  brick  or  tile  to  prevent  access  of  currents 
of  cold  air. 

The  apparatus  was  found  to  give  consistent  results  when  repeatedly 
employed  on  samples  of  the  same  material,  rounding  of  sharp  corners, 
softening  and  fusion  occurring  after  the  lapse  of  practically  the  same 
time.  It  is  advisable  to  bring  the  samples  to  a  red  heat  in  a  cru- 
cible before  subjecting  them  to  the  action  of  the  blowpipe.  This 
oxy-hydrogen  blowpipe-apparatus  was  constructed  during  the  year 
1864,  but  owing  to  my  time  being  occupied  with  more  imperative 
matters,  very  little  work  was  done  with  it,  and  what  there  was  done 
had  not  that  continuity  from  day  to  day  which  is  always  desirable 
in  such  investigations.  Before  I  had  sufficient  leisure  to  give  my- 
self entirely  to  them,  circumstances  occurred  which  rendered  such 
studies  impossible  in  that  locality.  But  before  speaking  further  of 
these  circumstances  I  will  say  a  few  words  relative  to  the  work  ac- 
tually accomplished  in  the  laboratory.  Numerous  analyses  of  ores 
were  made  by  Dr.  S.  P.  Duffield,  who  for  a  time  acted  as  chemist 
after  the  resignation  of  Mr.  Schalk.  Analytical  work  was  under- 
taken by  some  whose  zeal  for  the  subtleties  of  science  outran  their 
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knowledge  of  material  thiiiffs.  One  young  gentleman  reported  to 
me  that  a  sample  of  l-ineh  round  steel,  sent  me  from  England,  and 
which  was  so  mild  that  it  was  bent  cold  upon  itself  without  crack, 
contained  "  7  per  cent,  of  carbon,"  and  insisted  that,  as  he  had  "been 
unusually  careful  in  his  work,"  he  must  be  correct.  The  same  party, 
with  a  positiveness  that  would  have  carried  conviction  to  a  mind 
unacquainted  with  the  possibilities  of  the  case,  assured  me  that  it 
was  "  impossible  to  reduce  iron-ore  in  a  crucible  in  the  pot-furnace," 
and  proposed  that  I  should  erect  a  "  miniature  blast-furnace,  in 
order  that  the  ore  should  be  smelted  under  the  same  conditions  as 
obtained  in  the  large  furnaces."  On  my  declining  to  do  this,  and 
actually  reducing  iron  ore  in  the  way  he  had  pronounced  impossible, 
he  declared  that  a  small  blast-furnace  was  "better,  any  way;"  and 
subsequently,  in  another  community,  he  erected  one  at  his  own  ex- 
pense, only  to  find  that  it  required  sixty  hours  of  continuous  hard 
work  to  obtain  two  pigs  of  iron  of  the  size  of  my  forefinger. 

Two  of  my  assistants  (one  of  the  pair  called  himself  a  chemist) 
entered  into  an  inventive  conspiracy,  and  induced  the  late  Captain  E. 
B.  Ward  to  furnish  the  money  for  certain  experiments  by  which  they 
were  certain  to  demonstrate  that  the  large  blowing-engine  I  was  erect- 
ing was  "entirely  unnecessary,"  their  argument  being  that  "all  that 
was  required  to  convert  cast-iron  into  steel,  was  the  forcing  of  abun- 
dant oxygen  through  it  when  melted,  and,  as  water  contained  a  large 
proportion  of  oxygen,  the  substitution  of  steam  taken  directly  from 
the  boiler  for  atmospheric  air  under  pressure  would  greatly  simplify 
and  cheapen  the  process."  The  Captain  was  cautioned  not  to  con- 
sult me  in  regard  to  the  matter,  as  I  would  be  "  sure  to  condemn  the 
idea  " — in  which  statement  they  were  quite  right.  These  experiments 
were  ])rivately  conducted  in  Detroit,  and  resulted  in  the  loss  of  the 
Captain's  money  and  the  reputation  of  the  experimenters  at  the  same 
time.  One  of  the  last-named  parties  (not  the  chemist)  asked  what 
"  that  stuff  in  that  little  cup  in  the  balance-case  was  for?"  I  briefly 
explained  that  it  was  "  to  absorb  the  moisture  from  the  air  in  the 
case,  and  so  prevent  the  corrosion  of  the  steel  parts  of  the  balance." 
This  was  made  a  note  of,  and  in  a  few  days  the  young  gentleman 
took  some  of  the  "  stuff"  to  a  young  lady  who  had  just  received  a 
present  of  a  very  valuable  piano,  and  advised  her  to  "  put  it  in  a 
saucer  and  place  it  in  the  piano  to  prevent  the  strings  from  rusting." 
This  advice  was  followed,  and  resulted  in  the  simultaneous  ruin  of 
the  instrument,  and  of  the  popularity  of  the  young  gentleman. 

One  enthusiast,  who  firmly  believed  that  the  result  of  an  analysis 
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was  inevitably  a  realization  of  St,  Paul's  idea  of  faith,  "  the  sub- 
stance of  things  hoped  for  and  the  evidence  of  things  not  seen,"  at 
the  particular  request  of  the  late  Captain  Ward  did  something  which 
he  called  an  "  analytical  examination  "  to  a  sample  of  coal.  His 
report  was  so  favorable  as  to  its  manifold  good  qualities,  that  the 
Captain  purchased  the  mine  from  whence  it  came,  only  to  find,  after 
a  large  expenditure  for  pumping  machinery,  coal-cars,  men's  houses, 
and  other  plant,  that  there  was  not  enough  of  this  good  coal  in  the 
mine  or  on  the  property  to  pay  for  working ;  hence  lawsuits,  tribu- 
lation, and  sorrow.  Injustice  to  myself  I  will  say  that  none  of  the 
parties  whose  antics  I  have  incompletely  described,  were  of  my  selec- 
tion ;  they  were  thrust  upon  me,  and  I  was  obliged  to  make  what 
use  I  could  of  them. 

BrUt  let  us  now  turn  to  some  of  the  more  serious  and  effective  work 
accomplished  by  the  laboratory.  Some  time  in  the  year  1864,  in 
conversation  with  the  late  Captain  E.  B.  Ward  relative  to  the  econ- 
omies possible  in  the  manufacture  of  iron,  I  spoke  of  the  fact  that  all 
the  cinder  resulting  from  the  puddling  of  Lake  Superior  pig  with  Lake 
Charaplain  magnetic  ore  as  "fettling"  in  his  Wyandotte  Rolling 
Mill  was  thrown  away,  instead  of  being  utilized  in  the  blast  furnaces. 
"  Why,"  examined  the  Captain,  "  Herr  Unkunde  Unheilschwanger* 
(then  a  leading  metallurgical  authority  in  Wyandotte)  says  there  is 
no  iron  in  the  cinder."  To  my  reply  that  there  was  "  over  50  per 
cent,  of  good  iron  in  it,"  he  expressed  a  wish  to  "see  some  iron  that 
was  made  from  that  cinder."  I  assured  him  that  he  should;  and  a 
day  or  two  thereafter  I  placed  in  his  hands  a  "  button  "  of  iron 
nearly  as  large  as  the  palm  of  my  hand,  representing  55  per  cent,  of 
the  cinder  from  which  it  was  smelted  in  the  pot-furnace  of  the  lab- 
oratory. The  Captain  was  not  only  surprised,  but  annoyed,  at  the 
evidence  of  waste  in  the  past, — a  waste  that  could  be  counted  high 
among  the  thousands  of  dollars — and  immediately  gave  orders  to 
Herr  Unkunde  Unheilschwanger  to  see  that  this  cinder  was  used  in 
the  blast-furnaces  ;  but  so  alarmed  was  this  worthy  at  the  possibility 
of  what  he  called  "  bunging  up"  the  furnace,  that  he  carried  out  his 


*  The  suggestion  liaving  been  made  to  me  that  possibly,  to  many,  this  cliaracter 
"will  seem  like  a  slur  on  the  German  chemists  and  metallurgists  as  a  class,"  I 
will  here  say  that  I  have  no  intention  of  ridiculing  any  class  of  people  except  that 
which  is  w'lUuUy  ignorant  and  full  of  mischief,  and  therefore  deserving  of  any  and  all 
forms  of  verbal  punishment. 

Herr  Unkunde  Unheilschwanger  was  not  a  German;— his  speecli  being  a  variety 
of  that  dialect  which  lias  been  called  with  some  justice  the  "American  language." 
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ortlers  by  at  fii"st  cliarginp;  10  pounds  of  cinder,  with  400  pounds  of 
Luke  Suj>erior  ore,  and  as  no  harm  resulted  from  this  honia^opathic 
dose,  his  confidence  increase<l  gradually,  as  he  slowly  augmented  the 
proportion  of  cinder,  until,  after  several  months  of  anxiety,  doubt 
and  fear,  he  arrived  at  what  he  regarded  as  an  almost  dangerous 
proportion, — 10  pounds  of  cinder  to  400  pounds  of  Lake  ore.  I  be- 
lieve tiiis  was  the  largest  proportion  of  cinder  used  at  that  time,  and 
recently  I  have  been  authoritatively  informed  that  as  soon  as  I  had 
left  the  vicinity  the  use  of  cinder  in  the  blast-furnace  was  discon- 
tinued, and  it  was  thrown  away  as  before.  While  I  was  engaged  in 
experimental  work  with  tiie  oxy-hydrogen  blowpipe,  a  circumstance 
occurred  wiiich  is  a  fair  illustration  of  the  malicious  character  of  the 
antagonistic  feeling  that  existed  in  the  community  relative  to  the 
laboratory,  and  all  that  were  connected  with  the  new  enterprise.  One 
morning,  on  attempting  to  put  the  blowpipe  in  operation,  to  my 
surprise,  after  burning  a  short  time  the  flame  was  extinguished;  and, 
what  astonished  me  still  more,  I  could  not  relight  it.  On  examina- 
tion I  found  that  the  water-pipe  had  been  disconnected,  and  a  tightly- 
fitting  wooden  plug  had  been  driven  into  it;  the  pipe  had  then  been 
recoupled,  so  that  to  all  appearance  everything  was  in  good  working 
order.  Whether  the  scoundrel  who  inserted  that  plug  had  simply 
mischief  or  murder  in  his  heart  has  not  yet  been  revealed.  Soon 
after  this  occurrence,  in  the  month  of  January,  1865,  on  my  return 
from  a  short  absence,  I  entered  the  laboratory  only  to  find  naked 
walls  ;  everything  removable  had  been  taken  away  ;  not  so  much  as 
a  test-tube  remained  to  show  that  chemical  work  had  ever  been  done 
in  the  building.  Herr  Unkunde  Unheilschwanger  and  kindred 
spirits  had  at  last  accomplished  that  for  which  they  had  so  long  la- 
bored. "  Dufree's  'pothecary  shop,"  as  it  had  been  derisively  called, 
had  ceased  to  exist. 

At  the  act  of  vandalism  which  I  have  described,  I  manifested  no 
surprise;  of  it  I  made  no  complaint;  but  then  and  there  I  mentally 
resolved  that  as  soon  as  the  first  rail  was  rolled  from  steel  made  at 
Wyandotte,  I  would  leave  a  community  which  had  aiForded  me  so 
many  painful  illustrations  of  the  potential  verity  of  the  lines  of 

Gray: 

"  Where  ignorance  is  bliss 
'Tis  folly  to  be  wise." 

The  value  of  any  particular  mechanism  or  method  of  procedure 
may  be  fairly  measured  by  the  frequency  of  it's  use,  and  retrospec- 
tively contemplating  the  ever-increasing  proportions  of  our  siderur- 
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gical  industries,  reflecting  upon  the  enormous  aggregate  of  their 
present  annual  production,  and  remembering  tliat  these  splendid  re- 
sults are  but  the  crystallization  of  the  intelligent  thought  of  skilful 
men,  from  among  our  engineers,  metallurgists  and  chemists,  I  find 
my  justification  for  the  chemical  work  undertaken  at  Wyandotte,  in 
the  fact,  that  to-day,  in  every  well-ordered  establishment  for  the 
manufacture  of  metals,  the  laboratory  is  considered  an  indispensable 
adjunct;  and  Science,  represented  by  the  engineer  and  chemist, 
stands  at  the  right  hand  of  Labor,  advising,  guiding,  directing  and 
controlling  its  every  movement. 


A  SYSTEMATIC  NOMENCLATUBE  FOB  MINEBALS. 

BY  n.   M.    HOWE,  A.M. ,  M.E.,  BOSTON,  MASS. 

It  is  a  grave  objection  to  the  present  system  (or  rather  lack  of 
system)  of  mineralogical  nomenclature  that,  in  the  very  great  ma- 
jority of  cases,  the  name  of  a  mineral  gives  no  hint  of  its  chemical 
composition,  one  might  almost  say  no  suggestion,  however  faint,  of 
anything  connected  with  it  or  characteristic  of  it,  chemical,  physical, 
historical,  geographical,  geological,  or  lithological.  In  becoming 
acquainted  with  a  mineral,  in  addition  to  learning  its  composition 
and  important  characteristics,  one  must  also  learn  a  name  wholly 
unconnected  with  any  of  them. 

It  has  occurred  to  me  that  a  system  might  be  devised  in  which 
the  name  of  each  mineral  should  express  at  least  an  approxima- 
tion to  its  ultimate  composition.  It  is  far  easier  to  learn  the  names 
of  most  minerals  than  their  compositions.  Most  of  us  are  familiar 
with  the  names  and  appearance  of  many  minerals,  especially  among 
the  silicates,  of  whose  compositions  we  have  but  a  rough  notion.  It 
would  be  the  aim  of  such  a  system  to  enable  us,  in  making  the  one 
slight  eifort  of  learning  the  name  of  a  mineral,  by  that  same  eifort 
and  involuntarily  to  learn  its  composition,  which  now  requires  an 
additional  and  a  much  greater  effort. 

I  have  worked  out  a  system  designed  to  meet  this  requirement, 
and  its  description  occupies  the  remainder  of  this  article. 

Doubtless  there  are  many  devices  on  which  could  be  based  other 
systems  fulfilling  the'  requirement  above  set  forth  better  than  that 
about  to  be  described  does,  and  at  the  same  time  furnishing  names 
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at  once  more  euplionious  ami  more  readily  distinguished  from  each 
other  than  it  does. 

I  do  not  bring  it  before  you  to  urge  its  adoption,  which  is  not 
even  to  be  thought  ot",  bu,t  to  present  the  matter  in  a  tangible  and 
concrete  shape;  to  show  the  advantages  which  this  kind  of  fiijstem 
ofters,  believing  that  its  manifest  faults  belong  to  the  individual 
system,  rather  than  to  the  class  of  systems  of  which  it  is  but  one ;  and 
in  the  hope  that  it  may  contain  useful  suggestions,  and  may  hasten, 
be  it  ever  so  slightly,  the  arrival  of  the  day  when  we  shall  have  a 
clear  and  systematic  mineralogical  nomenclature. 

Thesysteiu  I  have  elaborated  is  similar  to  that  employed  in  works 
on  logic  to  express  the  form  of  the  syllogism,  by  the  formation  of 
the  syllables  which  compose  its  nanie.  In  it  the  name  of  each  min- 
eral consists  of  as  many  syllables  as  the  mineral  has  different  com- 
ponents ;  a  mineral  consisting,  for  instance,  of  two  oxides  and  an 
acid  has  three  syllables,  one  for  each  oxide  and  one  for  the  acid. 
Each  syllable  commences  with  one  or  two  consonants,  followed 
by  one  or  more  vowels,  and  it  corresponds  to  and  relates  to  one  of 
the  constituents  of  the  mineral.  The  consonants  with  which  each 
syllable  commences,  stand  for  and  indicate  the  presence  of  some 
particular  component;  the  vowels  which  follow  indicate  the  num- 
ber of  equivalents  of  that  component  which  the  mineral  contains  in 
its  ultimate  composition,  and  their  state  of  oxidation.  Thus,  the 
mineral  rhodocrosite,  carbonate  of  manganese,  would  be  Caumnaete. 
The  first  syllable  indicates  the  presence  of  one  equivalent  of  car- 
bonic acid,  the  initial  C  indicating  the  element  carbon,  the  second 
vowel,  w,  that  the  carbon  is  in  the  condition  of  deutoxide,  and  the 
first  vowel,  a,  that  one  equivalent  of  that  deutoxide  is  present.  So 
with  the  second  syllable:  the  consonants  mn  indicate  the  presence 
of  manganese,  the  second  vowel,  e,  indicating  that  it  is  present  as 
monoxide,  and  the  first  vowel,  a,  that  one  equivalent  of  that  oxide 
is  present. 

Thus  through  all  the  mineral  names  in  this  system  a  consonant, 
or  a  pair  of  consonants,  indicates  the  presence  of  a  certain  element 
or  base,  etc.,  the  first  succeeding  vowel  the  number  of  its  equivalents 
present,  and  the  second  vowel  (if  any)  its  state  of  oxidation. 

The  only  exceptions  to  this  are  the  final  te  affixed  to  many  names 
for  the  sake  of  euphony,  and  to  give  them  a  uniform  ending,  and 
the  letter  x,  whose  use  is  explained  beyond.  I  am  not  even  clear  that 
the  final  te  would  not  better  be  omitted. 

As  may  be  seen  in  the  above  example  of  rhodocrosite,  the  symbols 
or  abbreviations  which  are  used  in  chemical  nomenclature  for  the 
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different  elements  are  here  employed  to  represent  these  same  elements. 
However,  as  some  of  these  symbols  contain  vowels,  which  I  reserve 
for  indicating  numbers  of  equivalents  and  states  of  oxidation,  I  re- 
place each  vowel  in  the  symbols  of  these  elements  with  the  consonant 
which  next  follows  that  vowel  in  the  alphabet.  Thus,  for  Ag  I  em- 
ploy hg;  for  Ti,  tj. 

In  designating  the  number  of  equivalents, 


A  stands  for  1 
E        "  2 

I  "  3 

O        "  4 

U        "  6 

Y        "10 


WA  stands  for  15 
WE         "  20 

WI  "         30 

WO  "         50 

WU  "  more  than  50 


Intermediate  numbers  are  expressed  by  the  vowel  corresponding 
with  the  nearest  number. 

For  simplicity,  all  compounds  are  reduced  to  their  ultimate  com- 
position, and,  when  this  contains  fractions,  it  is  reduced  to  the  sim- 
plest set  of  whole  numbers,  preserving  the  proportion  between  the 
different  components.  In  a  few  cases  this  proportion  is  slightly 
altered  in  order  to  have  simple  numbers. 

The  state  of  oxidation  is  indicated  by  the  vowels  as  follows: 

A  indicates  a  hemioxide, ft 

E  "  monoxide,        .         .        .         .        .      '  .        .  R 

I  "  monoxide  with  an  equivalent  of  a  sesquioxide,  R,  S 

O  "  sesquioxide,      .......  K 

U         "  deutoxide E,    Si',     C 

W         "  higher  oxide  tlian  deutoxide. 

Since  the  metals  of  the  alkalies  and  of  the  alkaline  earths  and 
aluminium  have  each  a  single  state  of  oxidation,  in  which  they  almost 
exclusively  occur  (the  only  exceptions  being  their  chlorides,  bromides, 
iodides,  and  fluorides,  altogether  very  few  in  number),  it  has  been 
thought  more  simple,  at  least  more  desirable  on  account  of  making 
the  names  of  the  minerals  shorter  and  more  euphonious,  to  allow  the 
symbol  of  each  of  these  elements  to  represent  not  the  presence  of  the 
element  itself  only,  but  its  presence  in  its  oxidized  condition,  thus 
dispensing  with  the  second  vowel  otherwise  needed  to  indicate  the 
state  of  oxidation.  To  meet  the  few  cases  where  these  elements  occur 
unoxidized  (their  chlorides,  etc.),  the  letter  x  is  placed  after  the  vowel 
representing  the  number  of  equivalents  present,  to  indicate  that  the 
element  is  not  oxidized,  as  in  flaccax,  CaF. 

In  many  minerals,  while  the  total  number  of  equivalents  of  a 
certain  group  of  bases  taken  collectively  is  always  the  same,  the  pro- 
portion which  these  bases  bear  to  each  differs  in  different  specimens 
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of  the  same  niinenil.  To  meet  this  case,  the  alkah'cs,  wlien  thus 
interchangeably  occurring,  are  designated  by  tlie  letter  g,  the  alka- 
line earths  by  the  letters  cjr,  alumina  and  sesquioxide  of  iron  by 
<//•,  and  the  protoxide  bases  in  general  by  d.  These  letters  are  also 
used  when  the  number  of  bases  present  is  so  great  that  words  of  ex- 
cessive length  would  be  produced  if  each  base  had  a  separate  syllable. 
Thus,  some  of  the  rare  minerals  contain  eight  or  even  (as  in  the 
case  of  ivschynite')  ten  elements  besides  oxygen. 

Water  and  silica  occur  in  such  a  host  of  minerals  that  it  is  thought 
justifiable  to  give  them  shorter  symbols  than  this  system,  if  rigidly 
carried  out,  would  call  for,  and  at  the  same  time  symbols  easily  pro- 
nounced, and  therefore  adapted  for  the  beginning  of  the  names  of 
those  minerals,  whose  other  components  have  symbols  beginning  with 
two  consonants  difficult  to  pronounce  at  the  beginning  of  a  word,  as 
Mg  ovPb.  The  symbols  si  for  silica  and  th  for  water  have  been 
selected. 

In  Table  I.  are  given  the  symbols  employed  in  this  system  for  the 
different  elements,  etc.,  and,  in  Table  II.,  the  names  of  several  min- 
erals, the  first  column  giving  the  name  as  given  in  Dana's  System  of 
Mineralogy,  the  second  column  the  formula  of  the  mineral  as  given 
in  that  work,  and  the  third  the  name  in  the  system  here  described. 

Fl  is  used  for  fluorine,  to  distinguish  it  from  J^,  the  symbol  of  iron. 

Cc  is  used  for  lime,  as  C6,  which  should  strictly  mean  lime,  is, 
in  chemistry,  the  symbol  of  columbium. 

For  oxygen  r  is  used,  since  P,  which  should  strictly  be  used,  is 
the  symbol  of  phosphorus,  and  q  is  impracticable,  on  account  of  its 
requiring  u  to  follow  it. 

Vr  is  employed  for  the  uranium,  since  Fis  the  symbol  of  vanadium. 

I  have  prepared  a  list  of  ninety-six  names  of  minerals  under  this 
system,  which  can  be  seen  by  any  one  who  wishes.  They  were  se- 
lected by  taking  every  tenth,  and  in  some  cases  every  fifth,  mineral 
in  Dana's  System  of  Mineralogy,  edition  of  1877. 

In  the  case  of  many  silicates,  especially  of  the  hyd rated  silicates, 
it  was  found  difficult  to  create  euphonious  names,  which  should  ex- 
press the  complete  composition  of  the  mineral,  and  many  of  those 
given  are  confessedly  harsh  and  disagreeable. 

The  case  of  the  hydrocarbons  is  very  puzzling.  Not  only  have 
we  compounds  in  great  number,  with  ultimate  compositions  closely 
alike,  and  differing  by  such  slight  amounts  that  it  would  seem  ut- 
terly impossible  to  distinguish  them  by  the  system  here  described, 
but,  in  the  case  of  the  ethylenes,  we  have  a  group  of  substances  of 
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absolutely  identical  ultimate  composition.  Two  ways  of  meeting 
this  case  suo-o-est  themselves. 

Either  apply  to  these  minerals  their  chemical  names,  or  else  the 
names  corresponding  with  the  system  here  described,  distinguishing 
between  minerals  of  identical  or  nearly  identical  composition  by 
supplementing  these  names  with  the  Greek  letters,  a,  /?,  y,  etc. 

Neither  way  is  wholly  satisfactory,  and  it  must  be  admitted  that 
the  hydrocarbons  are  a  stumbling-block. 

The  few  minerals  outside  of  the  hydrocarbons  which  have  iden- 
tical compositions,  can  in  general  be  distinguished  by  changing 
the  order  of  the  syllables.  Thus,  we  may  call  calcite  ccacaute,  and 
aragonite  caucoate. 

In  the  case  of  the  native  metals,  it  seems  best  to  retain  their  ordi- 
nary names,  as  "native  copper,"  etc,  which,  of  course,  express  their 
composition  perfectly. 

It  will  at  once  and  very  properly  be  objected  that  the  names  I 
have  given  are  far  less  euphonious  than  those  now  employed.  While 
I  freely  admit  this,  it  must  be  remembered  that  the  degree  of  harsh- 
ness which  appears  here  is  not  a  necessary  consequence  of  this  kind 
of  system  ;  simply,  my  ingenuity  has  not  been  great  enough  to 
create  pleasant  and  readily  pronounceable  names. 

Whether  any  human  ingenuity  can  invent,  under  this  or  a  par- 
allel system,  a  set  of  names  which  shall  be  agreeable,  is  an  open 
question  ;  but  I  freely  admit  that  they  must  be  less  musical  than 
those  which  the  same  effort  of  ingenuity  could  create  unhampered 
by  any  rules.  As  a  tu  quoque  argument,  I  may  cite  the  following 
mineral  names  from  Dana,  which  are  not  exactly  dulcid  :  Wolchon- 
skoite,  Arfvedsonite,  Freieslebenite,  Hverlera,  Homilchin,  Bosjera- 
anite,  Chromophosphorkupferbleispath,  Nertschinskite. 

Again,  it  may  be  objected  that  some  of  the  names  in  this  system 
are  confusingly  alike.  I  believe  that  this  can  be  remedied  by  in- 
genuity, and  I  doubt  whether  there  is  more  similarity  between  the 
names  I  have  given  than  between  those  in  use. 

It  is  to  be  remembered  that  the  names  are  all  of  a  new  kind,  and 
at  first  sight  appear  far  more  alike  than  they  would,  were  one  ac- 
customed to  this  kind  of  name;  just  as  all  Chinamen,  all  Russians, 
all  sheep,  all  Hebrew  characters,  indeed  all  minerals,  look  alike  to 
one  unaccustomed  to  them  ;  while  Russians  find  no  more  difficulty 
in  distinguishing  each  other  than  we  do,  and  we  are  told  that  a 
shepherd  knows  each  sheep  in  his  flock.  The  Chinaman  at  first 
finds  all  white  men  exactly  alike,  because  the  points  which  most 
naturally  catch  his  eye  are  points  in  which  all  white  men  resemble 
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each  otlier,  and  are  unlike  Chinamen,  and  he  has  not  learned  to  look 
for  the  ot\en  very  minute  points  in  which  we  differ  from  each  other. 
Here  are  a  few  instances,  in  which  the  mineralogical  names  now 
employed  resemble  each  other  closely,  without  in  general  causing 
serious  inconvenience  or  confusion. 


Mineral  Names  from  Dana,  closely  Resembling  Each 

Other. 


Dana  prefers  other 
of  which  are,  indeed, 
use. 


names  to  those  given  here  in  parentheses,  some 
obsolete,  though  many  of  them  are  in  frequent 


Baikalite, 

Gahnite, 

Baikerite, 

Garnet, 

Baikerinite, 

Stilbite, 

Margarite, 

Epistilbite, 

Berthierite, 

Margarodite, 

Hypostilbite, 

(Berthierine,) 

Margarophyllite, 

(Carphostilbite,) 

Parastilbite, 

Berzelianite, 

(Sphserostilbite,) 

Berzeliite, 
(Berzelite,) 

Basalt, 

(Basaltine,) 

Cryolite, 

Basanite, 

Chrysotile, 

Bastite, 

Chrysolite, 

Bastonite, 

(Chryosophane,) 
Chrysoprase, 

Beckite, 

Bechilite, 

(Cyclopeite,) 
Cyclopite, 

Alunogen, 

Abinite, 

(Danaite,) 

Alum, 

Danalite, 

Alumian, 

Aluminite, 

Dyscrasite, 

(Aluminilite,) 

(Dysclasite,) 

Olivine, 

Sericite, 

Olevenite, 

(Cerasite,) 
Cerinite, 

Paragon  ite, 

Triplite, 

Aragonite, 

Tri  polite, 

(Sodaite,) 

Triphylite, 

Pitticite, 
Pittinite, 

Sodalite, 
Spartaite, 

Trolleite, 

(Spartalite,) 

Troillite, 
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Praseolite, 

Stibnite, 

Uralite, 

Prasilite, 

(Stiblite,) 

(Uranite,) 

Stilbite, 

Uraninite^ 

Pyrargillite, 

Pyrargyrite, 

Sylvite, 
Sylvanite, 

Pyrite, 

Pyrrhite, 

Tachydrite, 

Pyrrhotite, 

Tachylite, 

Retinite, 

Retinalite, 

Thomaite, 

Betinellite, 

Thomsonite, 
Thomsenolite, 

Eosite, 

Eoselite, 

Torbanite, 
Torbernite, 

Trichite, 
Trachyte, 

Menaccate, 

Bisranthy 

Melaconite, 

Bismite, 

Melanolite, 
Melanterite, 

Bismuthite, 

Melanite, 
Melonite, 

Bismnthinite^ 

Melinite, 

Bismuthaurite, 

Mellilite, 
Mellite, 

HumboMtine, 

Azorite,. 

Gehlenite, 

(Humboldtite,) 

Azurite, 

Galenite, 

Humboldtilite, 

Hydrophane, 

Anthosiderite, 

Hydrophite, 

Castellite, 

Xanthosiderite, 

(Hydrolite,) 

Castillite, 

Chalcocite, 

Chileite, 

Chalcodite, 

Chilenite, 

(Chalcolite,) 

Syenite, 

Cyanite, 

Magnesite, 

Cyanolite, 

Magnetite, 

In  the  index  to  Dana's  System  of  Mineralogy  are  16  names  ending 
in  phyllite,  14  in  siderite;  14  begin  with  chal  (of  which  9  begin 
with  chalco),  and  39  begin  with  pyr,  pyro,  and  pyrrho. 


A   SYSTEMATIC  NOMENCLATURE   FOR   MINERALS. 


245 


Table  I.— SYIVIROLS. 
Elements,  bases,  etc.,  representetl  by  tlie  several  consonants  and  pairs  of  oonso- 


S1  =  B1 

Cu  =  Cv 

^'H,  =  Nh 

U  =  Vr 

Ag  =  Bg 

Fe  =  Ff 

Ni  =  Nj 

V  =  V 

As  =  Bs 

F  =  F1 

0  =  R 

Zn  =  Zn 

Ba  =  Bb 

Hg  =  Hg 

P  =  P 

Na    1 

Bi  =  Bj 

H  =  H 

Pb  =  Pb 

K      i  =G 

Br  =  Br 

«  =  Th 

s  =  s 

nhJ 

C  =  C 

K  =  K 

Sb  =  Sb 

SaSr    -^  _ 

Ca  =  Cc 

Mg  =  Mg 

Si  =  Sh 

CaMg  i 

C1  =  C1 

Mn  =  Mn 

Sr  =  Sr 

^  =  D 

Co  =  Cp 

N  =  N 

Te  =  Tf 

K-Dr 

Cr  =  Cr 

]Sra=  Nb 

Ti  =  Tj 

Gr 


Niiml)ers  of  equivalents  of  the  several  elements,  bases,  etc.,  denoted  by  the  first 
vowel  following  a  consonant. 

A  =  1  0  =  4  WA  =  15  WO  =  50 

E  =  2  U  =  6  WE  =  20  WU  =  more  than  50 

1=3  Y  =  10  WI  =  30 

States  of  oxidation  of  the  elements  denoted  by  the  second  vowel  following  a  con- 
sonant (i.  e.,  by  a  vowel  separated  by  another  vowel  from  the  next  preceding 
consonant). 

A  ^  a  hemioxide,  ^. 
E  =  a  monoxide,  K. 

I  ^  a  monoxide  with  a  sesquioxide,  ^  fi- 
O  ^  a  sesquioxide,  fi. 
U  ^  a  deutoxide,  fi. 
W  =  a  higher  oxide  than  a  deutoxide^ 
The  letter  X  denotes  that  the  element  whose  presence  is  indicated  by  the  next 
preceding  consonant  is  not  oxidized. 

Table  II.— MINERAL  NAMES. 
Native  Alloys. 


Present  Name. 
Allemontite, 

Zorgite, 

Sphalerite, 

Hauerite, 

GersdorflBte 

Pacite, 

Pyrargyrite 

Calomel, 
Molysite, 
Fluorite, 


Symbols 
after  Dana. 


Su 


SbAs, 


PHiDEs,  Arsenides,  Bismuthides,  Etc 

(PbCu)Se     . 
ZnS      . 
MnS2    . 
Ni(SAs)2     . 
Fe(iS  +  iA8)«    . 
3AgS4-Sb2S3    . 

Chlorides,  Iodides,  and  Fluorides. 

.    Hg^Cl Clahgate 

.     Fe^CF Cliffete. 

.     CaF Flaccax. 


Name  under  System 
here  described. 

.     Sbabsite. 


Sfepbacvate. 

Saznate. 

Semnate. 

Sabsanjate. 

Seffobsute. 

Subjisbete. 
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Zincite, 

Braunite, 

Gummite, 


Enstatite,     . 
Amphibole, 

Forsterite,   . 

Grossularite, 

Bredbergite, 

Lepidolite,  . 

Ilvaite, 

Leucite, 

Chondrodite, 
Titanite, 


Picrosmine, 
Collyrite,  . 
Faujasite,  . 
Brewsterite, 
Sepiolite, 
t)eweylite,  . 
Pholerite,  . 
Oellacherite, 
Chloritoid,  . 


Pyrochlure, 


Triplite,      . 

Adamite, 

Calcioferrite, 


Nitre,  . 
Bechilite,    . 
Descloizite, 


Oxides. 

2n Znete. 

2Mn''Mn  +  MnSi         .         .         .  Sharanoemniute. 

(6Pe)H» Thifiaovraote. 

Anhydrous  Bisilicates. 

MgSi Shamgate. 

RSi Dashate. 


Anhydrous  Unisilicates. 

Mg^Si 

(^Ca3+ ^Xl)2Si3 

iUhCei  +  ^MgY  +  i^eySi' 

(K3fi^2Si3  +  fSi  .  . 

(iK3 +1  Sl)2Si3  _)_3Si    . 

Anhydrous  Subsilicates. 
Mg»Si3         .... 
(iCa«  +  |Ti|)Si.        .        . 

Hydrous  Silicates. 

MgSi  +  ill         ... 

Xl^Si-fOH 

(^Ca  +  ^lsra)Sl,  4.}  Si,  9fi[ 

(f  Sr  +  iBa)Xl,  6Si,  5H:     . 

(iH  +  |Mg)Si  +  iH         . 

(iH  +  f  Mg)2Si  +  ffl       . 

Xl2Si3_|_4g[  . 

COLUMBATES. 

iJ^Cb Keacbawte. 


Shamgete. 
Blashiccite. 

Grishifiaote. 
Drashidote. 
Doffaoshite. 
Kablashote. 

Shinigyate. 
Shaccatjaute. 


Thashemgete. 

Shablethwate. 

Shybleccanbasli. 

Grablasliuth. 

Shimgethete. 

Thoshiragete. 

Blethoshite. 

Thishwadiblote. 

Blaffaathashate. 


Phosphates  and  Arsenates. 
.     (FeMn)3^  +  RF 


Nitrates. 


K^ 


Borates. 

.        .     (^Ca  +  JH)B  +  lifi[  .        . 

Tungstates,  Vanadates,  Etc. 
.     tb^V 

Sulphates,  Chromates,  Tellurates. 

Barite,         .        .        .     BaS 

Glauberite,  .        .     (^I'Ta  +  ^Ca)5     .        .        .        . 

Uraconi'te,  .         .        .     S^g  +  4§ri         .        ,        .        . 


Dopavvfate. 
Thazniebsawte. 
Pa  wdracbith  ote. 


Kanawte. 

Bewccathote. 

Vawpbeete. 

Sawblate. 

Sewnbaccate. 

Thovriosawpe. 
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Pistomesite, 
Hvdrpmagnesite, 


Heptvlic  liydrid, 
Ozocerite    and     olhor 
ethylenes, 


Carbonatfs. 


Hydrocarbons. 


e,H„ 


e„  H,„ 


.     Ceumgnflaete. 
.     Thomgociule. 


Cuhwate. 
Cahete. 


Discussion. 

Dr.  Egleston  :  I  do  not  think  anybody  can  lielj)  but  admire 
the  great  ingenuity  of  this  system  proposed  by  Mr.  Howe.  I  do 
not  say  that  it  is  not  practicable,  but  it  appears  to  nie  to  be  a  wrong 
system  to  teach  mineralogy  to  students. 

It  has  been  my  misfortune  to  have  learned  the  science  of  miner- 
alogy several  times.  I  commenced  by  learning  that  sulphate  of  ba- 
ryta was  the  name  of  a  mineral.  It  was  then  called  barites,  then 
baryte,  which  changes  are  quite  simple,  but  with  many  minerals  the 
changes  of  name  were  so  dissimilar  that  even  now  they  sometimes 
come  up  to  trouble  me  on  days  that  are  dark  and  damp  and  things 
are  not  going  right.  The  whole  trouble  is  that  we  begin  by  teach- 
ing students,  or  teaching  ourselves,  only  one  thing  at  a  time,  and 
everything  else  to  be  learned  about  a  mineral  must  be  remembered  by 
an  additional  effort  of  memory.  If  we  who  are  practicing  in  any 
part  of  the  profession  of  mining  engineering,  which  is  so  manifold, 
were  to  attempt  to  learn  never  more  than  a  few  characteristics  of 
what  we  were  studying  at  once,  I  do  not  know  that  we  would  ever 
get  through, — we  would  certainly  not  accomplish  as  much  as  if  we 
learned  at  once  a  larger  number  of  facts.  It  is  not  difficult  to  learn 
that  baryte  is  sulphate  of  baryta,  that  it  is  orthorhombic  and  not 
easily  fusible,  and  that  it  is  insoluble,  as  it  is  to  learn  baryte.  The 
first  effort  of  the  memory  is  perhaps  a  little  more  difficult  than  to 
remember  the  name,  but  that  effort  having  once  been  made,  the 
substance  is  definitely  known,  and  all  of  these  facts  suggest  them- 
selves at  once  with  the  name.  The  number  of  mineral  substances 
studied  in  the  science  of  mineralogy  is  fully  eight  hundred.  We 
require  to  use  .something  over  two  hundred  of  them.  Wewould 
get  but  a  limited  knowledge  of  the  science  if  we  learned  but  one 
thing  at  a  time  about  all  these.  Of  course  a  certain  amount  of  eye 
experience  has  to  be  associated  with  the  ability  to  remember  so 
many  things  learned  at  once.     I  have  been  teaching  mineralogy 
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for  twonty-one  years,  and  when  I  commenced  I  thought  I  should 
never  be  able  to  make  the  students  learn  sufficient  to  pass  a  rea- 
sonable examination.  I  commenced  to  use  this  method  from  ne- 
cessity about  fifteen  years  ago,  and  last  year  by  using  the  system 
which  I  have  explained,  with  the  collections  all  packed  up,  with  a 
room  so  dark  that  we  could  not  see  on  an  ordinarily  dark  day  and 
only  imperfectly  on  a  bright  day,  with  every  other  condition  unfa- 
vorable, I  had  some  of  the  best  examinations  that  I  have  ever  had. 
The  reason  being,  that  when  I  gave  a  mineral  to  a  student  for  the 
first  time,  I  not  only  named  it  to  him,  but  told  him  that  it  repre- 
sented a  certain  chemical  composition  and  certain  physical  peculi- 
arities, and  that  when  he  saw  the  mineral  it  ought  to  recall  to  him 
all  of  these  different  properties.  It  is  certainly  true  that  discon- 
nected and  isolated  things,  things  not  connected  in  any  way  with  any 
association  of  ideas,  are  very  difficult  to  remember,  but  when  a  group 
of  facts  is  considered  it  is  not  so,  for  each  fact  plays  in  some  degree 
the  part  of  a  help  to  remember  the  others. 

I  do  not  say  that  this  method  of  Mr.  Howe's  may  not  take  the 
place  of  the  present  method  of  mineral  nomenclature,  that  of  course 
is  impossible  to  say,  but  I  think  there  is  a  defect  in  it,  and  that  this 
is  the  defect  of  all  systems  of  artificial  memory,  and  that  is,  that 
at  the  time  when  the  artificial  memory  is  to  be  used  the  thing  upon 
which  the  system  is  based  is  forgotten.  I  should  much  rather  rely 
upon  the  intelligence  of  a  person  to  remember  four  or  five  or  six 
characteristics  of  a  substance  at  once  than  to  try  and  retain  a  large 
number  of  artificial  points,  which  will  go  from  you  just  at  the  time 
you  want  them  most.  We  commence  by  requiring  the  student  to 
learn  the  name  of  the  mineral,  its  composition,  fusibility,  solubility, 
and  hardness.  I  think  that  a  system  which  appeals  to  the  intelli- 
gence will  in  all  respects  stand  a  better  chance  of  success  than  one 
which  appeals  to  an  artificial  memory.  As  Mr.  Howe  says,  some 
of  his  names  strike  us  at  first  as  non-euphonious,  but  I  do  not  know 
that  they  are,  and  at  any  rate  I  would  not  oppose  the  system  on  that 
account  as  strongly  as  because  it  is  founded  on  artificial  memory. 

Dr.  Frazer,  Philadelphia:  The  remarks  of  Dr.  Egleston  on 
the  subject  of  mnemonics  reminded  me  of  the  same  objection  which 
I  saw  wittily  alluded  to  some  years  ago  in  the  preflice  to  Flavel 
Gouraud's  book.  One  objection  he  says  to  the  use  of  mnemonics 
is,  that  one  must  remember  a  whole  system,  and  then  remember  the 
thing  besides.  The  same  kind  of  reasoning  could  be  applied  to  the 
use  of  a  wheelbarrow.     One  might  say  that  it  was  absurd  for  a  man 
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to  move  a  two-liundred-ponntl  trunk  on  a  wheelbarrow  because  he 
adds  the  weight  ot'  the  wheelbarrow  to  that  of  tlio  trunk. 

I  do  not  believe  that  the  objection  of  nou-euphony  is  very  serious. 
These  new  names  do  look  barbarous,  but  then  there  are  a  great 
many  barbarous  names  in  mineralogy.  If  Breithaupt's  idea  of  no- 
n'enclature  had  been  carried  out,  it  seems  to  me  it  would  have  been 
the  perfection  of  a  system.  He  earnestly  labored  for  a  systematic 
nomenclature,  and  commenced  by  demanding  and  pleading  for  a 
somewhat  similar  system  to  that  of  botany.  He  protested  above  all 
things  against  the  giving  of  the  name  of  any  man  to  a  mineral,  but 
this  vicious  habit  grew  so  rapidly  that  at  last  even  Breithaupt 
himself  contracted  it.  A  plan  for  naming  is,  in  the  first  place,  to 
study  the  mineral  and  find  whether  it  has  a  peculiar  physical  prop- 
erty, or  any  kind  of  property,  which  is  characteristic  of  it,  and  then 
let  us  give  it  a  name,  not  connected  with  the  name  of  the  man  who 
discovered  it,  or  the  name  of  the  patron  of  the  man  who  discovered 
it,  but  a  name  which  shall  describe  that  peculiarity.  But  I  think 
it  is  a  mistake  to  base  the  names  given  to  substances  upon  their 
chemical  composition,  beaiuse  these  are  qualities  which  cannot  be 
made  useful  in  determination.  Besides,  it  is  very  often  found  that 
most  important  chemical  peculiarities  are  overlooked  in  the  first 
determination  of  the  mineral,  as,  for  example,  the  lithia  in  some  of 
the  micas  of  the  great  Werner  collection  in  Freiberg-. 

I  think  that  in  mineralogy  wc  ought  to  step  a  little  outside  the 
line  of  chemical  theory,  and  to  designate  the  mineral,  select  that 
quality  which  is  most  striking,  as  nearly  as  we  can  get  at  it;  and 
if  we  find  that  it  is  of  a  family  in  which  another  quality  is  more 
striking,  it  ought  to  be  sufficient  reason  for  employing  its  character- 
istic to  distinguish  it  from  other  members  of  the  same  family.  If 
the  chemical  properties  of  a  mineral  were  always  the  most  striking 
and  the  most  needful  to  be  known,  this  would  be  a  capital  system  ; 
but  I  assert  here  and  now  that  I  do  not  believe  that  chemistry  is 
the  best  basis  for  mineral  nomenclature,  and  I  do  not  think  that  if 
mineralogy  had  been  simply  a  branch  of  chemistry  it  would  have 
become  so  important  a  part  of  the  training  of  a  field  investigator. 

Mr.  Howe:  Professor  Egleston  thinks  it  is  just  as  easy  to  learn 
six  things  about  baryte — that  it  is  sulphate  of  baryta,  orthorliombic, 
not  easily  fusible,  insoluble,  decrepitating,  and  heavy — as  to  learn 
one  of  them  only,  that  it  is  sulphate  of  baryta.  The  whole,  then, 
is  no  greater  than  one  of  its  parts?     No;  it  is  harder,  much  harder, 
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to  learn  six  things  about  a  substance  than  one  of  those  six,  but  it  is 
easier  to  learn  the  six  at  once  than  at  six  different  times. 

He  objects  to  this  kind  of  system  because  it  is  an  artificial  aid  to 
the  memory;  this  is  not  a  valid  objection.  Crutches  and  locomo- 
tives and  horse-cars  are  artificial  aids  to  locomotion,  the  first  unde- 
sirable for  those  who  can  dispense  with  them,  the  others  very  desir- 
able. The  convalescent  should  not  avoidably  prolong  the  use  of 
his  crutches,  because  the  slight  temporary  convenience  they  afford  is 
more  than  counterbalanced  by  the  disadvantage  they  entail,  prevent- 
ing the  proper  use  of  the  muscles,  and  thus  retarding  the  recovery 
of  their  strength.  So  relying  on  locomotives  or  horses  undoubtedly 
tends  less  to  enduring  pedestrianism  than  does  a  total  reliance  on 
one's  own  legs.  Of  two  men  whose  business  compelled  frequent 
journeys  from  Washington  to  Philadelphia,  the  one  who  habitually 
made  the  journey  on  foot  would  have,  in  the  event  of  a  total  stop- 
page of  railway  travel  by  a  strike,  accompanied  by  a  complete  dis- 
ablement of  horses  by  an  epizootic  disease,  a  measurable  advantage 
over  the  other  who  ordinarily  travelled  by  rail.  Nevertheless,  loco- 
motives are  desirable  though  artificial  aids,  because  the  saving  of 
time  and  energy  which  they  effect  for  things  more  important  than 
chronic  perambulation  more  than  counterbalances  the  disadvantages 
their  use  is  liable  to  entail  at  remote  intervals  and  under  conditions 
unlikely  to  arise. 

So  an  artificial  aid  to  memory  is  desirable  or  undesirable  accord- 
ing as  its  advantages  counterbalance  or  are  outweighed  by  its  draw- 
backs. To  a  certain  extent  every  systematic  nomenclature  is  an 
artificial  aid  to  memory.  Every  system  of  whatsoever  kind  is  an 
artificial  aid  to  something,  nor  is  its  being  artificial  a  reproach  to  it. 
You  number  or  alphabeticize  your  streets  and  houses  because  it  is 
easier  to  remember  and  find  the  location  of  a  numbered  street  or 
house. 

Our  chemical  nomenclature  is  a  case  in  point.  It  is  an  artificial 
aid  to  memory.  Its  distinctions,  by  means  of  adjectives  ending  in 
ic  (as  ferric)  as  opposed  to  those  ending  in  ous  (as  ferrous) :  by  pre- 
fixing Greek  and  Latin  numerals  to  denote  multiplication  of  positive 
and  negative  ingredients  respectively,  are  purely  arbitrary  and  arti- 
ficial. They  are  indisj)utably  advantageous  nevertiieloss,  because 
their  convenience  and  clearness  far  outweigh  any  possible  confusion 
which  might  arise  on  forgetting  them.  No  sane  man  would  propose 
abandoning  them  for  a  barbarous  chaos  of  names  like  that  of  our 
mineral  nomenclature. 
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A  systematic  mineral  nomenclature  we  slioukl  have.  When  it 
comes  it  will  be  an  artificial  aiil  to  memory,  and  when  it  has  become 
generally  usetl,  the  idea  of  reverting  to  the  present  nomenclature 
would  appear  as  ridiculous  as  it  would  now  seem  to  abandon  our 
chemical  nomenclature  for  a  similar  chaotic  slough  of  names. 

A  systematic  nomenclature  should  be  clear,  concise,  and  founded 
on  an  important  and  convenient  classification.  If  it  is  based  on  a 
plan  complex,  confusing,  and  very  liable  to  be  forgotten,  this  will 
be  a  serious  fault.  If  its  use,  like  that  of  crutches,  tends  to  induce 
such  a  reliance  on  it  that,  in  the  event  of  forgetting  it,  one  is  much 
worse  off  than  if  he  had  never  used  it,  that  too  is  a  serious  fault. 
Xow  it  must  be  decided  for  each  particular  system  whether  its  draw- 
backs outweigh  its  advantages  or  not. 

Xow  in  chemical  nomenclature  its  clearness,  conciseness,  and  the 
paramount  importance  of  the  distinctions  on  which  it  is  based  im- 
mensely outweigh  the  trifling  disadvantages  under  which  one  who 
had  relied  on  it  and  forgotten  it  would  be  placed  compared  with  one 
who  had  never  used  any  systematic  nomenclature  at  all,  but  had 
retained,  say  the  alchemistic  names,  fixing  by  effort  of  memory  the 
composition  of  each  substance  in  his  mind. 

Of  two  youths  of  exactly  equal  mental  powers,  one  calls  a  certain 
red  substance  colcothar ;  the  other  calls  it  ferric  oxide.  While 
walking  they  meet  this  substance;  both  have  forgotten  its  name. 
"Will  the  one  who  called  it  ferric  oxide  be  appreciably  less  likely  to 
recall  its  composition  than  the  other?  I  think  not.  Or  suppose 
both  remember  their  names  for  it,  but  the  one  who  calls  it  ferric 
oxide  forgets  what  ferric  means.  Will  he  be  sensibly  less  likely  to 
remember  its  composition  than  his  friend  ?     I  think  not. 

Xor  do  I  belfeve  that  a  person  who  used  a  systematic  nomencla- 
ture for  minerals  similar  to  that  I  have  described  would  be  appreci- 
ably less  likely  to  remember  the  composition  of  a  mineral,  if  he  forgot 
the  plan  of  that  system,  than  another  person  who  used  the  present 
senseless  chaos  of  names,  while  if  the  former  remembered  the  plan 
of  his  system  he  would  have  a  distinct  advantage  over  the  other. 

If  I  am  right,  then,  objecting  to  it  because  you  may  forget  it  just 
when  you  want  it  is  like  objecting  to  locomotives  because  just  when 
you  want  them  they  may  break  down ;  the  fact  of  having  employed 
them  will  be  no  sensible  disadvantage  if  they  do  break  down. 

Now  it  may  be  that  I  have  attempted  to  make  my  system  do  too 
much,  and  have  thus  made  it  too  complex  and  too  liable  to  be  for- 
gotten.    This,  however,  is  a  fault  of  this  particular  system,  which  I 
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do  not  advocate,  but  merely  expose  for  illustration,  and  not  a  fault 
of  this  class  of  systems. 

I  think  no  serious  fault  can  be  found  on  account  of  lack  of  clear- 
ness and  conciseness. 

As  regards  the  classification  on  which  it  is  based,  chemical  com- 
position, I  cannot  agree  with  my  critics.  I  believe  that  chemical 
composition,  in  nine  cases  out  often,  is  the  most  important  thing  to 
know  about  a  mineral,  and,  moreover,  it  is  far  easier  to  infer  other 
important  qualities  from  chemical  composition  than  the  converse. 
To  the  chemist,  the  metallurgist,  and  the  miner  it  is  indisputably 
the  most  important.  It  is  of  the  greatest  moment  to  the  lithologist, 
the  mineralogist,  and  the  geologist.  For  instance,  what  one  thing 
can  throw  so  much  light  as  chemical  composition  can  on  the  all- 
important  questions  of  the  genesis  of  minerals,  of  ore  deposits,  indeed 
of  all  deposits? 

We  do  not  need  to  be  told  by  the  name  of  a  mineral  that  it  is 
hard,  heavy,  or  white.  I  see  and  recognize  a  mineral ;  my  eye  tells 
me  whether  it  is  white  or  blue,  my  knife  whether  it  is  hard  or  soft, 
my  hand  whether  it  is  light  or  heavy  ;  let  the  name  tell  me  what  I 
cannot  otherwise  find  out,  unless  I  have  Dana  or  Brush  at  hand, 
what  its  composition  is. 

Dr.  Frazer:  I  think  that  Mr.  Howe  forgets  in  that  statement 
that  the  very  fact  that  it  is  easy  to  determine  these  characters  makes 
their  expression  in  the  name  a  most  important  aid.  You  may  have 
a  number  of  minerals  that  look  just  alike,  but  one  will  be  remark- 
able for  one  characteristic  and  one  for  another.  The  connection,  the 
important  characteristic  with  the  name,  aids  the  memory  and  leads 
to  the  close  observation  of  other  qualities. 

I  plead  that  the  important  characteristic  to  the  geologist  is  not 
the  chemical  composition  because  it  never  can  be  verified  in  the 
field.  He  wants  to  know,  first,  whether  this  mineral  is  heavy,  hard, 
brittle,  etc.,  and  after  he  knows  these  things  its  chemical  constitution 
is  known  through  the  labors  of  previous  chemists.  But  in  any  case 
chemical  analysis  can  then  follow  and  give  the  mineral  its  accurate 
place. 

Mr,  Howe  :  I  see  that  we  are  at  cross-purposes.  You  look  at 
the  question  from  the  standpoint  of  a  man  who  seeks  to  recognize 
or  identify  an  unrecognized  mineral.  I  look  at  it  from  the  stand- 
point of  one  who  wishes  to  know  the  composition  of  a  mineral 
already  recognized.  It  is  an  open  question  whether  a  nomenclature 
can  be  made  most  useful  as  an  aid  to  recognizing  minerals  or  as  an 
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assistance  to  remembering  the  composition  of  those  already  recog- 
nizeil.  I  am  inclined  to  think  that  the  latter  is  the  most  useful  and 
effective  tield  for  it,  for  it  is  to  be  remembered  that  while  a  name 
indicating  composition  would  denote  positively  the  composition  of  a 
known  mineral,  a  name  corresponding  with  some  prominent  and 
easily  recognized  characteristic  would  aid  but  faintly  in  recognizing 
a  mineral.  We  recognize  a  man  with  a  large  nose  whom  we  have 
not  seen  for  vears  just  as  easily  if  named  Jones  as  Rhinbeak,  though 
the  latter  name  might  be  more  easily  recalled  after  the  recognition 
had  taken  place.  The  fact  that  kyanos  means  blue  does  not  help 
us  materially  to  recognize  cyanite,  though  it  indeed  helps  us  to 
remember  its  name  after  recognizing  it,  which  is  quite  a  different 
thing. 

Dr.  Egleston  :  There  are  a  great  many  minerals  in  wliich,  when 
viewed  from  an  optical  standpoint,  and  often  in  minerals  without 
industrial  works,  the  chemical  composition  is  the  most  insignificant 
characteristic  of  the  mineral.  We  are  obliged  to  remember  it,  and  do 
remember  it,  because  we  are  brought  up  to  remember  it,  but  I  can 
think  now  of  a  number  of  minerals  in  which  the  part  that  is  least 
desirable  to  know,  or  the  part  which  from  a  scientific  point  of  view 
is  least  important,  is  the  chemical  composition.  If  we  regard  the 
practical  application  from  an  industrial  point  of  view,  the  compo- 
sition is  evidently  the  most  important  characteristic.  In  practical 
work,  the  very  first  thing  a  person  determining  a  mineral  does  is 
to  take  out  his  penknife,  and  if  that  does  not  give  the  indication,  he 
waits  until  he  gets  a  blowpipe.  It  is  the  physical  characteristics 
that  determine  it  for  nim,  and  the  chemical  composition  then  settles 
its  industrial  value.  With  regard  to  euphony  I  don't  see  why,  after 
we  have  learned  to  pronounce  it,  one  name  should  not  be  just  as 
euphonious  as  another.  I  must  say  that  the  name  Wolchonskoite 
shocked  me  a  little,  and  I  should  much  prefer  something  a  little 
more  euphonious,  but  the  mere  matter  of  euphony  has  nothing  to 
do  with  the  question.  Such  names  as  Mr.  Howe's  would  be  no 
more  barbarous  after  we  had  got  used  to  them  than  the  present  ones 
are  now. 
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THE  BESSEMER  PLANT  OF  THE  NOBTH  CHICAGO  BOLL- 
ING  MILL  COMPANY  AT  SOUTH  CHICAGO. 

BY  ROBERT  FORSYTH,  CHICAGO,  ILL. 

As  the  latest  plant  on  a  large  scale,  the  new  Bessemer  works  of 
the  North  Chicago  Rolling  Mill  Company,  at  South  Chicago,  pre- 
sents some  features  of  interest  to  steel-makers,  I  have  ventured  to 
lay  before  the  Institute  a  short  description  of  that  plant,  and  some 
remarks  upon  the  practice  there. 

At  the  time  the  South  Chicago  works  were  designed  the  adoption 
of  the  basic  process  in  this  country  seemed  imminent.  Experience 
in  Europe  had  demonstrated  the  perfect  success  of  the  process  tech- 
nically, and  the  question  of  its  commercial  value  was  one  which, 
for  any  particular  works,  would  have  to  be  settled  by  its  special 
advantages  for  procuring  the  necessary  ores  and  basic  materials. 
Under  the  circumstances,  it  was  thought  best  at  South  Chicago  to 
so  arrange  the  plant  as  to  allow  the  introduction  of  the  basic  when- 
ever it  became  advisable,  and  to  make  such  other  changes  from  the 
standard  type  of  Bessemer  plant  as  the  state  of  the  art  seemed  to 
demand  and  to  foreshadow.  As  the  use  of  metal  direct  from  the 
blast  furnace,  while  generally  condemned  by  experts  here,  was  in 
such  successful  practice  in  Europe  (particularly  in  connection  with 
the  basic  process),  there  was  no  doubt  about  its  feasibility,  while  its 
economy  in  fuel  and  labor  made  it  especially  attractive  to  the 
Western  manufacturer.  It  was  accordingly  decided  to  build  a 
direct-metal  plant  adapted  to  the  basic  process. 

The  ingots  made  were  to  be  rolled  into  rails  at  one  heat,  and  were 
to  be  of  such  size  (12  inches  square  and  long  enough  for  three  and 
four  rails)  as  to  be  readily  and  quickly  handled  by  the  rolling  ma- 
chinery proposed.  This  small  size  of  ingots,  and  the  large  number 
cast  from  each  heat  of  10  tons,  made  it  necessary  to  provide  a  good 
deal  of  room  in  the  casting-pit — much  more  than  in  any  previous 
plant — and  to  put  down  extra  facilities  for  handling  ingots.  To 
meet  the  delays  incident  to  the  basic  process — to  insure  that  one 
vessel  should  be  always  blowing  if  necessary,  and  to  provide  oppor- 
tunity for  current  repairs  to  linings,  etc. — it  was  decided  that  three 
vessels  should  be  used,  and,  to  properly  concentrate  the  work  of 
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handling  ingots  and  moulds,  these  vessels  were  to  work  to  one  cast- 
ing-pit. Mr.  Holley  had  just  brought  out  his  plan  of  removing 
ve:?sel-shclls  bodily  iVom  their  supports,  and  the  adoption  of  this 
plan  was  resolved  u[)on  as  furnishing  the  best  solution  of  the  basic 
lining  difficulty  and  allowing  a  neat  and  convenient  form  of  vessel 
supports.  The  plan  involves  the  conveyance  of  the  old  vessel-shell 
to  a  convenient  repair-shop  and  the  substitution  of  a  newly-lined 
shell  in  its  place,  and  the  proper  disposition  of  these  shells  and  of 
the  vessel-bottoms  and  iron  and  steel-ladles  (all  of  which  are  obvi- 
ously out  of  place  in  the  converting-room  proper  when  not  actually 
in  use\  was  a  matter  of  no  small  difficulty.  Circumstances  com- 
pelled the  construction  of  the  repair-shop  in  the  form  shown  (see  ac- 
companying Plate),  which,  though  not  perhaps  the  best  possible,  yet 
answers  the  purpose  very  well,  so  far  as  it  has  been  used. 

The  difficulty  of  working  three  vessels  to  one  casting-pit  without 
the  use  of  cumbrous  and  unwieldy  ladle-cranes  was  got  over  by  the 
method  of  transferring  the  steel  ladle  from  receiving  cranes  to  the 
casting  crane.  This  plan,  which  is  due  to  the  suggestion  of  Mr.  L. 
G.  Laureau,  was  by  him  worked  out  for  a  pair  of  vessels,  and  is 
shown  on  Mr.  Holley's  latest  design  for  a  10-ton  two-vessel  plant. 
As  used  at  South  Chicago,  it  was  modified  for  three  vessels,  and  the 
simple  but  important  change  was  made  of  putting  between  the  jibs 
of  the  cranes  a  short  piece  of  fixed  track  on  which  the  ladle  may 
rest  in  its  transit  from  crane  to  crane.  This  perfectly  safe,  simple, 
and  practicable  method  of  ladle-transfer  is  really  an  important  step 
in  Bessemer  construction,  and  will  lead  to  some  changes  in  design 
of  plant.  The  same  object  is  attained  in  some  foreign  works  by 
pouring  the  charge  of  steel  from  one  ladle  to  another — a  plan  which 
consumes  more  time  than  the  transfer  and  involves  the  cooling  of  the 
metal.  The  use  of  the  transfer-ladle,  moreover,  permits  the  iron 
and  Spiegel  ladles  to  be  brought  in  front  of  the  vessels  instead  of 
behind  them,  thus  simplifying  construction  and  allowing  the  use  of 
very  short  runners,  or  none  at  all.  It  will  thus  be  seen  that  several 
novelties  of  construction  were  in  this  plant  introduced  for  the  first 
time,  and  that  it  stands  alone  in  this  country  as  a  plant  built  ex- 
pressly for  direct-metal  and  the  basic  process. 

The  site  of  the  works  is  a  sand-beach  washed  up  by  Lake  Michi- 
gan, and  raHging  in  height  from  6  inches  to  3  feet  above  mean  lake 
level.  It  is  useless  to  dig  in  this  material,  which,  as  soon  as  water 
is  reached,  becomes  a  tolerably  firm  but  strongly  soaked  sand;  so 
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the  foundations,  with  one  exception,  were  begun  just  below  water 
level  by  a  layer  of  concrete,  upon  which  the  stonework  was  laid. 
The  general  level  of  the  works  was  established  at  10  feet  6  inches 
above  lake-level,  and  all  the  building-foundations  were  carried  up 
to  this  height,  securing  ample  head-room  in  sewers  and  good  drain- 
age. The  foundations  for  the  very  heavy  lifts  under  the  vessels  were 
begun  at  20  feet  below  general  level,  or  9  feet  6  inches  below  the 
lake;  and  these  excavations  were  made  inside  sheet-iron  cylinders, 
open  at  both  ends,  and  sunk  by  digging  under  their  edges  and 
weighting  them.  When  the  cylinders  were  in  place  a  thick  bed  of 
concrete  was  laid  in  them,  upon  which  the  stonework  was  begun. 
Great  care  was  taken  in  proportioning  the  foundations  to  the  weight 
resting  upon  them,  and,  though  laid  upon  such  apparently  poor 
bottom,  they  have  stood  well  and  settled  evenly.  Ground  was 
broken  on  April  12th,  1881,  and  construction  occupied  fourteen 
months,  the  first  blow  having  been  made  June  15th,  1882. 

As  there  was  plenty  of  room  on  the  ground  in  most  directions, 
the  parts  of  the  plant  were  separated  so  as  to  secure  good  light  and 
air,  and  the  buildings  accordingly  are  :  A  boiler-house,  118  feet  by 
44  feet;  engine-house,  114  feet  by  48  feet;  converting  building,  108 
feet  6  inches  by  102  feet  6  inches,  to  which  adjoin  a  special  cuj)ola 
building,  66  feet  by  47  feet,  and  a  shed  behind  the  vessels,  102  feet 
6  inches  by  22  feet ;  repair  shop,  238  feet  by  75  feet,  to  which  ad- 
joins a  ladle  drying-shed,  44  feet  by  75  feet;  producer-house,  60 
feet  by  44  feet;  and  a  grinding-house,  100  feet  by  50  feet,  besides 
the  necessary  sheds  for  storing  refractory  materials,  etc. 

The  ground  area  covered  by  buildings  is  about  60,000  square  feet. 
The  engine-house  contains  two  separate  horizontal  condensing  blow- 
ing engines,  with  steam  cylinders  54  inches  in  diameter,  and  air 
cylinders  Q6  inches  in  diameter  by  60  inches  stroke.  Tiiese  engines 
were  designed  by  Mr.  Kreite,  the  company's  chief  engineer,  upon 
the  plan  of  those  which  had  done  good  service  in  the  North  Chicago 
plant  for  ten  years.  The  pressure-pumps,  two  in  number,  are 
Worthington  compound  pumps  of  the  largest  size,  and  iiave  given 
excellent  results.  In  the  engine-house  are  also  tlie  upcessary  feed 
and  tank-pumps,  accumulators,  heaters,  etc.  The  converting-building 
contains  three  10-ton  vessels,  two  receiving  ladle  cranes.  One  casting- 
ladle  crane,  three  ingot-cranes,  and  one  crane  used  in  cleaning  and 
handling  ladles.  The  ingot  and  ladle-handling  cranes  are  placed 
symmetrically  about  a  casting-pit  of  20  feet  radius,  and  command 
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its  whole  circumference.  In  this  pit  there  is  room  for  forty  12- 
ineh  moulils,  oci'upyinix  nearly  throe-quarters  of  the  avaihible  cast- 
ing space,  and  there  is  an  ingot-crane  for  each  set  of  nionUls,  so  that 
three  heats  may  be  working  at  the  same  time  if  necessary.  Ladle- 
cleaning  and  removal  of  slag,  etc.,  are  done  at  one  side  of  the  pit, 
new  ladles  and  vessel  bottoms  are  brought  in  from  behind  the  vessels, 
and  vessel-slag  goes  out  in  the  same  direction,  leaving  a  clear  and 
unobstructed  space  around  the  ])it,  which  is  devoted  to  its  proj^er 
use,  the  handling  of  moulds  and  ingots.  Under  and  behind  the 
vessels  the  floor  is  at  general  level,  while  the  space  around  the  pit, 
comprising  the  working-floor  of  the  converting-house,  is  3  feet  above 
general  level.  The  ingot-cranes  have  a  stroke  of  11  feet,  sufficient 
to  strip  the  moulds  from  the  ingots  and  set  them  upright  on  cars, 
which  are  then  taken  out  of  doors.  This  practice,  which  is  now 
eery  general,  greatly  relieves  the  men  about  the  pit,  and  is  of  special 
importance  in  the  case  of  long  and  narrow  moulds. 

The  three  10-ton  vessels  stand  with  their  trunnion-axes  in  the 
same  line,  18  feet  above  general  level,  and  are  26  feet  apart  from 
centre  to  centre.  They  are  of  the  old  form  (not  concentric),  10  feet 
in  diameter  outside  the  shell,  and  have  no  stacks,  but  blow  out  of 
doors  through  arches  in  the  end  wall.  Slag  and  sloppings  from  the 
vessels  fall  upon  a  nearly  flat  roof  which  covers  the  standing, 
hydraulic  cylinders,  etc.,  in  rear  of  the  vessels.  Each  vessel  has  a 
cast-iron  trunnion-section  in  one  piece,  inside  of  which  is  hung  the 
shell,  or  vessel  proper,  which  can  thus  be  removed  on  the  plan  pro- 
posed by  Holley.  The  vessels  are  rotated  by  horizontal  hydraulic 
cylinders  20  inches  in  diameter,  with  racks  and  pinions  of  cast-iron. 
Steel  would  perhaps  have  been  stronger,  but  the  expense  seems 
hardly  warranted  for  horizontal  cylinders,  in  which  that  prolific 
source  of  broken  racks,  the  drainage  of  water  from  one  side  of  the 
piston,  owing  to  a  leaky  pipe,  can  be  completely  guarded  against  by 
taking  the  water  into  the  cylinder  on  the  upper  side,  instead  of  tlve 
lower,  as  is  usual.  The  vessels  turn  through  an  arc  of  270°,  and 
move  with  great  smoothness  and  steadiness.  Under  each  vessel  is 
placed  a  hydraulic  lift  for  handling  the  vessel  shell  and  putting  on 
bottoms,  with  a  plunger  24  inches  in  diameter,  a  stroke  of  8  feet, 
and  a  platform  12  feet  .square.  Although  a  shell  has  never  been 
handled  in  this  way,  yet  from  the  experience  with  the  apparatus,  I 
entertain  no  doubt  of  the  perfect  practicability  of  the  method,  and 
look  to  see  it  adopted  as  soon  as  the  basic  process  shall  have  come 
into  use.     One  of  these  lifts  was  found  to  have  a  net  lifting-capacity 
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of  98,000  pounds,  at  300  pounds  pressure  on  the  accumulator,  and 
this  pressure,  less  weight  of  bottom  and  car,  is  exerted  on  the  joint 
between  bottom  and  vessel  when  a  new  bottom  is  put  on. 

In  front  of  the  vessels,  and  19  feet  above  general  level,  runs  the 
elevated  railway  on  which  metal  and  spiegel  are  brought — the  one 
from  the  blast-furnace,  the  other  from  the  spiegel-cupola  building 
adjoining  the  converting-room,  which  contains,  besides  the  four 
cupolas,  the  necessary  blowing  machinery,  scales,  and  two  hydraulic 
elevators  to  serve  the  cupolas,  and  also  to  raise  basic  and  other  ma- 
terial to  the  vessel  floor.  The  scales  and  tracks  in  this  building  are 
so  arranged  that,  if  necessary,  any  cupola  may  be  melting  siliceous 
pig  while  one  or  more  of  the  others  may  be  melting  spiegel.  Wide 
runways  to  the  elevators  are  provided  for  transportation  to  the  ves- 
sels of  scrap  and  basic  additions,  and  space  is  left  for  a  furnace  for 
heating  ferro-manganese,  while  a  blacksmith's  fire  and  steam  ham- 
mer for  drawing  out  test  ingots  are  conveniently  placed  on  the  lower 
floor.  The  metal  is  brought  from  the  blast  furnaces,  a  distance  of 
1500  feet,  in  10-ton  ladles,  mounted  on  cars,  up  an  incline  with  an 
average  rise  of  2  feet  per  100,  to  a  level  siding  just  outside  the  con- 
verting building.  From  this  siding,  which  is  carried  on  arches,  the 
space  beneath  which  is  utilized  for  a  stopper-room  and  oven,  store- 
i)ouse,  etc.,  the  ladle  car  is  pulled  by  a  special  locomotive  into  the 
building,  and  the  metal  is  poured  into  a  short  runner  directly  in 
front  of  the  vessel.  Melted  spiegel  is  brought  in  the  same  way  from 
the  opposite  side  of  the  building.  Rapid  and  convenient  transpor- 
tation of  melted  metal,  and  the  least  possible  waste  of  metal  in  the 
form  of  runner-scrap,  are  the  important  points  secured  by  this  ar- 
rangement. Ample  floor  space  is  provided  around  and  beneath  the 
vessels,  and,  in  fact,  all  over  the  plant,  and  the  numerous  door  and 
window  openings,  and  the  absence  of  stacks,  make  the  neighborhood 
of  the  vessels,  which  is  usually  unbearably  hot,  as  comfortable  as 
any  part  of  the  plant. 

In  front  of  the  vessels  are  the  two  ladle-cranes,  so  placed  that 
both  of  them  may  serve  the  centre  vessel  of  the  three,  while  the  end 
vessels  are  reached  by  one  crane  each.  As  the  operation  of  these 
ladle-cranes  and  the  ladle-manipulations  generally  are  distinctive 
features  of  this  plant,  I  shall  describe  them  in  some  detail.  The 
ladle,  placed  on  one  of  the  receiving-cranes,  having  been  filled  with 
steel  from  the  vessel,  the  crane  (which  is  of  the  ordinary  ladle-crane 
type,  with  fixed  jibs  and  hydraulic  traversing  cylinder)  is  swung 
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round  until  it  points  to  the  centre  of  tlie  casting-pit,  some  40  feet 
distant.  In  this  position  the  crane  is  lowered,  and  when  the  plunger 
touches  the  bottom  of  the  cylinder  the  outer  ends  of  the  jibs  rest 
solidly  upon  iron  blocks  which  carry  one  end  of  a  piece  of  fixed 
track,  some  10  feet  long,  placed  in  line  with  the  crane-jibs.  The 
other  end  of  this  track  is  carried  upon  similar  blocks,  upon  which 
the  jibs  of  the  casting-crane  rest  when  lowered  in  the  same  way. 
These  blocks  have  sloping  sides,  and  the  ends  of  the  jibs  carry 
rollers,  which,  touching  the  sides,  will  gently  guide  the  jibs  into 
position  if  they  are  firet  brought  within  a  foot  either  way  of  their 
proper  place.  The  receiving-crane  having  settled  into  its  position, 
the  carriage  and  ladle  are  pushed  off  the  jibs  by  the  traversing  cyl- 
inder on  to  the  track,  and  pulled  by  the  traversing  cylinder  of  the 
casting-crane  off  the  track  and  on  to  its  jibs,  when  the  crane  is  raised 
and  swung  round  for  casting.  The  whole  transfer  occupies  less 
time  than  the  description,  and  is  done  with  perfect  smoothness  and 
safety. 

As  regards  the  transfer  of  the  loaded  ladle,  the  track  between  the 
cranes  has  advantages  over  the  plan  of  bringing  the  crane-jibs 
together,  in  that  it  admits  of  adjustment,  both  vertically  and  hori- 
zontally, to  suit  variations  in  the  position  of  the  crane-jibs  due  to 
wear  of  top  supports,  elasticity  of  materials,  and  slight  derangements 
of  any  sort,  and  it  permits  the  removal  of  the  casting-pit  to  any 
desired  distance  from  the  vessels.  There  are  other  advantages  which 
I  shall  refer  to.  After  casting,  the  ladle-crane  is  swung  round  to 
one  side  of  the  pit,  and  lowered  upon  a  set  of  blocks  as  before,  and 
the  ladle  and  the  carriage  are  pushed  off  upon  a  track  similar  to 
those  between  the  cranes,  where  the  stopper  is  removed,  and  the 
ladle  cleaned  in  the  usual  manner,  the  slag  being  dumped  in  a  pan, 
which  is  afterward  hoisted  out  by  a  crane.  This  cleaning  being 
done,  not  on  the  crane  in  the  usual  way,  but  on  a  separate  track,  the 
casting-crane  is  left  free  to  take  from  a  receiving-crane  another  ladle 
filled  with  steel  and  to  proceed  at  once  with  casting,  and  the  first 
ladle,  having  been  cleaned,  is  picked  up  with  its  carriage  and  placed 
upon  one  of  the  tracks  between  the  cranes  ready  for  another  charge. 
Two  ladles  are  thus  kept  in  constant  use,  and  casting  of  ingots  may 
go  on  almost  without  iuterruption — a  point  of  a  good  deal  of  im- 
portance when  the  time  required  for  proper  casting  of  10  tons  of 
steel  into  12-inch  ingots  is  considered.  The  great  blowing-capacity 
of  the  vessels  is  thus  fully  utilized,  and  quantity  of  product  becomes 
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a  question  of  keeping  the  pit  clear  of  ingots.  Iron  and  steel  ladles 
are  lined  and  patched  in  the  repair-shop,  a  special  crane  being  there 
provided  to  handle  them,  and  new  steel-ladles  are  brought  into  the 
converting-room,  and  the  slagged  ones  removed  at  once  by  a  loco- 
motive, which  performs  the  same  service  in  the  case  of  bottoms  and 
slag  cars.  Thus,  so  far  as  possible,  all  work  of  repair  and  renewal 
is  taken  out  of  the  converting-room  and  done  in  a  more  convenient 
and  economical  way  in  a  place  specially  provided.  A  newly-lined 
ladle  is  placed  at  once  under  a  gas-firing  hood  in  the  drying-shed, 
where  there  are  twelve  hoods,  with  tracks  and  turn-tables,  and  dried 
and  heated  by  a  perfectly  controllable  apparatus  without  any  nui- 
sance of  smoke  or  ashes.  The  iron-ladles  may  be  more  conveniently 
made  up  and  heated  in  the  immediate  neighborhood  of  the  blast- 
furnaces, where  furnace-gas  and  blast  are  always  available,  but  the 
local  conditions  at  South  Chicago  did  not  favor  this  plan. 

The  repair-shop,  in  which  not  only  the  ladle  repairing,  but  also 
the  vessel-bottom  work,  is  done,  is  a  building  238  x  75  feet,  back  of 
the  converting  building,  and  separated  from  it  by  an  alley  20  feet 
wide.  Its  great  length  is  due  to  the  necessities  of  the  site,  part  of 
which  was  under  water  when  construction  began,  and  to  the  fact 
that  the  only  line  of  rails  bringing  supplies  other  than  stock  to  the 
blast-furnaces,  and  pig  iron  from  them,  was  made  to  pass  between 
the  building  and  the  shore  of  the  lake.  The  north  end  of  the  house 
is  devoted  to  vessel-bottoms,  and  contains  twelve  gas-fired  drying 
hoods,  a  turn-table  and  hydraulic  crane.  The  bottoms  are  of  the 
"  dish  "  pattern,  and  each  bottom  stands  on  a  car,  which  it  never 
leaves  except  to  go  on  a  vessel,  and  is  made  up  with  three  or  four 
wooden  tuyere-dummies,  which  are  knocked  out  when  the  bottom 
is  finished.  The  car  and  bottom  are  now  run  under  a  gas-hood,  the 
gas  and  air  turned  on,  and  the  flame  playing  over  the  top  surface  of 
the  bottom  is  drawn  down  the  holes  left  by  the  withdrawal  of  the 
dummies,  through  the  tuyere-box  and  a  drum  hanging  in  the  car 
frame  into  an  underground  flue  leading  to  a  chimney.  In  this  way 
the  bottom-stuiF  is  thoroughly  dried  (burned,  if  necessary)  without 
first  heating  and  cracking  the  castings  of  the  bottom  and  the  car,  as 
is  the  case  in  ordinary  oven-practice,  and  the  heat  may  be  adjusted 
to  the  requirements  of  each  bottom,  a  gentle  flame  being  put  on  at 
first  and  increased  afterward  as  the  bottom  dries.  This  plan  will, 
I  think,  be  found  especially  adapted  to  basic  bottoms.  The  dried 
bottom  is  pulled  from  under  the  hood  by  a  locomotive  and  taken  to 
the  vessel,  when  car  and  bottom  together  are  raised  by  the  hydraulic 
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lift  aiul  the  bottom  is  keyed  on.  The  joint  between  bottom  and  vessel 
is  jKM'kvtly  flat,  and  the  joint-stulT  is  subjected  by  the  action  of  the 
lift  to  a  pressure  of  about  2000  pounds  per  square  foot,  which  it  is 
hardlv  necessary  to  say  secures  a  good  joint — indeed,  leaky  joints 
are  unknown.  An  old  bottom,  when  removed  from  the  vessel,  is 
placeil  over  a  pit,  tuyere-stumps  and  loose  stuff  knocked  out,  and  is 
side-trackeil  for  making  up.  With  ordinary  life  of  bottoms,  all 
making  up  is  done  on  the  day-shift. 

The  centre  of  the  repair-shop  is  taken  up  by  tracks  for  transpor- 
tation of  bottoms,  slag,  etc.,  to  and  from  the  vessels,  and  by  the 
(proposed)  tracks  for  moving  the  vessel-shells  when  that  shall  be 
attempted.  An  arched  opening  40  feet  wide  in  the  side-wall  is  left 
for  the  accommodation  of  a  turn-table  half  in  and  half  out  of  the 
building,  and  from  the  three  vessels  tracks  of  10-feet  gauge  con- 
ver*re  to  the  turn-table,  which  will  distribute  the  vessel-shells  to 
positions  convenient  for  repair  and  renewal  of  linings.  None  of 
this  work  has  yet  been  put  in,  but  the  provision  for  it  very  much 
increased  the  dimensions  of  the  repair-shop,  which,  for  a  j^iant  iu 
which  removal  of  vessel-shells  is  not  intended,  can  be  better  ar- 
ranged. The  gas-flue  for  conveying  gas  to  bottom  and  ladle-hoods 
is  hung  on  brackets  from  the  walls,  as  is  also  the  blast-pipe  supply- 
ing air  to  the  hoods,  which  leads  from  the  Sturtevant  fans  in  the 
spiegel-cupola  building.  There  is  a  gas-fired  oven  for  diying  clay, 
etc.,  and  a  producer-house  containing  eight  gas-producers  of  the  old 
Siemens  type  completes  the  range  of  buildings  connected  with  the 
repair-shop. 

The  repair-shop  idea — the  separation,  so  far  as  possible,  of  repair 
and  renewal  of  refractory  materials  from  the  actual  operations  of 
the  plant — was  a  favorite  idea  of  Mr.  Holley's,  and  the  results  of 
its  application  so  far  have  amply  justified  his  expectations.  Gas- 
heating  of  bottoms  and  ladles — more  completely  carried  out,  perhaps, 
in  this  plant  than  in  any  other — has  been  very  satisfactory.  The 
cost,  per  ton  of  ingots,  of  fuel  for  this  purpose  will  not  exceed  that 
of  the  coke,  or  equivalent  fuel,  burned  in  ovens  in  the  usual  way, 
while  the  greater  cleanliness  and  convenience  of  gas  burned  in  hoods, 
as  describe<l,  leaves  nothing  to  be  desired. 

The  machinery  of  the  plant  throughout  is  solid  and  strong.  The 
blowing-engines  are,  I  believe,  the  largest  in  this  country  ;  they  are 
certainly  of  ample  capacity,  and  work  smoothly  and  well,  and  every 
effort  was  made  in  the  design  of  the  hydraulic  machinery  to  secure 
rapidity  and  certainty  of  action,  as  well  as  strength,  durability,  and 


262   BESSEMER  PLAKT  OF  NORTH  CHICAGO  ROLLING  MILL  CO. 

accessibility  for  repairs.  All  pipes  to  and  from  hydraulic  cylinders 
are  large,  and  as  short  and  straight  as  possible,  and  every  pipe  about 
the  place  is  laid  in  a  sewer,  and  can  be  followed  throughout  its 
whole  length.  Particular  attention  was  given  to  the  strength  of 
ladle  and  ingot-cranes,  and  to  their  foundations,  and  the  ingot-cranes, 
it  is  believed,  are  the  largest  and  strongest  yet  built,  while  the  ladle- 
cranes  have  performed  their  exceedingly  heavy  work  in  a  very  satis- 
factory manner. 

The  vessels  and  bottoms  were  designed  for  working  heavy  charges 
of  direct  metal,  and,  having  in  view  the  possible  occurrence  of  "long 
blows  " — those  curious  phenomena  by  which  the  blast-furnace  people 
remind  us  how  perfect  their  control  of  the  blast-furnace  is — care  was 
taken  to  provide  plenty  of  wind,  so  far  as  large  blast-pipes  and 
tuyere-area  will  do  it.  There  are  eighteen  tuyeres  in  the  bottom, 
the  blast-pipe  on  the  vessel  is  12  inches  in  diameter,  and  the  blast- 
main  is  a  15-inch  pipe.  These  sizes  seem  to  be  sufficient,  for,  on 
trial,  it  was  found  that  with  a  pressure  of  26  pounds  at  the  regulat- 
ing valve  there  was  25  pounds  in  the  tuyere-box  during  the  first 
five  minutes  of  the  blow;  22  pounds  at  the  valve  gave  20  pounds 
in  the  tuyere-box  during  the  next  seven  minutes;  and  during  the 
drop  of  the  flame  the  pressure  fell  to  20  pounds  at  the  valve,  with 
17  pounds  in  the  tuyere-box.  This  sudden  fall  of  pressure  at  the 
end  of  the  blow  is  probably  due  to  release  of  back-pressure  in  the 
vessel  when  carbonic  oxide  ceases  to  be  evolved,  and  it  points  to  the 
necessity  of  ample  engine-power  for  working  the  basic  with  its 
several  minutes  of  over-blow. 

The  longest  blow  on  record  at  South  Chicago  lasted  forty-five 
minutes,  but  10  tons  of  metal  with  2  per  cent,  of  silicon  is  commonly 
blown  in  ten  to  twelve  minutes,  and  one  blow  of  9000  pounds  was 
finished  in  three  minutes.  At  the  rate  of  twelve  minutes  to  a  blow, 
five  heats  an  hour  can  be  made  regularly,  for  with  three  vessels 
blowing  can  go  on  continually,  and  by  the  use  of  two  ladles  and  the 
transfer-cranes,  as  described,  a  ladle  is  always  ready  for  a  charge 
when  finished. 

As  this  rate  of  working  will  keep  the  vessels  constantly  employed, 
an  easy  arithmetical  process  brings  us  to  that  for  which  we  long 
have  sought — a  possible  limit  to  the  product  of  a  Bessemer  pit,  viz., 
the  respectable  figure  of  600  tons  in  twelve  hours. 

The  general  appearance  of  the  plant  is  striking  and  unlike  that 
of  any  other  in  this  country — nor,  indeed,  is  there  a  plant  which 
much  resembles  it  anywhere.     Placing  the  vessels  in  the  end  of  the 
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converting-building,  and  bringing  metal  and  spiegel  to  them  in  front 
and  from  opposite  sides,  does  away  with  the  gloomy  eavc  which,  in 
the  oUl  style  of  plant,  exists  behind  the  vessels,  and  in  which  some 
of  the  hardest  and  hottest  work  has  to  be  done.  The  elevated  rail- 
%vav,  crossing  the  building  at  a  height  securing  good  head-room  be- 
neath it,  supports,  partly,  the  platform  about  the  vessels  and  allows 
this  platform  to  be,  not  a  cramped  and  narrow  staging  just  large 
enough  to  carry  runners,  but  a  roomy  floor  extending  all  round  and 
behind  the  vessels,  aflbrding  ample  space  for  all  manipulations  and 
greatly  increasing  the  comfort  of  the  workmen.  Short  and  straight 
runners  reduce  runner-scrap  to  a  minimum  and  get  metal  to  the 
vessels  with  the  least  possible  delay.  Removing  the  pit,  with  its 
heavy  and  constant  work,  away  from  the  vessels  is  a  great  improve- 
ment, and  takes  away  much  of  the  danger  from  slopping  of  metal 
to  which  pit-men  are  exposed.  It  has  happened,  owing  to  sudden 
failure  of  the  water-supply,  that  a  vessel  with  a  heat  in  it  has  turned 
over,  depositing  the  metal,  not  in  the  pit  among  the  men  working 
there,  but  upon  the  floor  on  the  general  level  and  upon  the  platform 
of  the  large  hydraulic  lift,  which,  it  may  be  of  interest  to  note,  was 
not  in  the  least  injured.  A  few  minutes'  work  sufficed  to  break  up 
the  mess  and  get  it  out  of  doors.  This,  by  the  way,  is  the  only 
accident  which  has  occurred  to  the  hydraulic  apparatus,  and  it  arose 
from  the  failure  of  a  suction-pipe  bringing  water  to  the  pressure- 
pumps.  In  the  course  of  twelve  months'  working  not  a  pipe  has 
burst  nor  a  joint  given  out — a  somewhat  remarkable  record. 

Eeraoval  of  slag,  so  important  in  basic  working,  is  provided  for 
by  tracks  upon  which  cars  may  be  run  under  the  vessels  and  some 
distance  in  front.  When  filled  with  slag  tbe  cars  may  be  pulled  out 
to  the  rear  through  the  repair  shop.  These  cars  are  not  yet  in  use, 
as  the  acid  slag,  though  generally  pretty  liquid,  is  not  in  sufficient 
quantity  to  be  a  nuisance,  and  mostly  goes  in  the  ladle.  Handling 
of  ingots  and  moulds  is  much  facilitated  by  the  arrangement  of  pit, 
cranes,  and  tracks  shown,  and  the  important  point  of  transportation 
of  both  waste  and  finished  product  seems  pretty  well  provided  for. 

The  possible  need  of  cupolas  for  remelting  the  Sunday-iron  and 
using  up  scrap  was  recognized  in  the  design,  but  no  cupolas  were 
put  up.  It  would  seem  that,  for  a  plant  designed  to  w^ork  mixed 
cupola  and  direct-metal,  and  having  large  furnace  capacity,  the 
cupolas  might  advantageously  be  placed  near  the  furnaces,  and  be 
considered,  in  fact,  adjuncts  to  them  ;  but  so  much  depends  upon 
local  conditions  that  a  different  arrangement  might  be  the  best.     If 
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the  chief  reliance  is  to  be  upon  cupola-metal,  the  cupola-house 
should,  of  course,  adjoin  the  converting-house,  but  if  the  office  of 
the  cupola  is  merely  to  remelt  Sunday-iron  and  eke  out  deficient 
furnace-capacity,  cupolas  near  the  furnaces  seem  to  be  the  proper 
arrangement.  One  possible  good  result  seems  likely  to  follow  the 
location  of  the  cupola  at  the  furnace — the  furnace-mauager  will  in- 
vestigate its  various  zones,  determine  whether  it  has  any  of  Bell's 
alphabetical  tendencies,  and  write  a  paper  about  it. 

It  is,  I  think,  not  altogether  a  fancy  of  mine  that  this  plant  works 
more  smoothly  and  with  less  friction  than  any  with  which  I  am 
acquainted.  The  perfect  regularity  and  ease  with  which  all  the 
operations  are  conducted — due  to  the  special  adaptation  of  means  to 
ends — strikes  the  observer  at  once,  and  to  one  familiar  with  Bessemer 
work  it  is  at  once  fascinating  and  satisfactory. 

The  South  Chicago  practice  differs  in  some  points  from  that  at 
other  works.  In  the  use  of  direct-metal  it  is  not  now  singular,,  as 
one  other  plant  is  working  direct  with  great  success,  but  there  are 
some  details  of  direct  practice  which  may  be  of  interest;  the  other 
points  are  the  remarkable  ladle  and  bottom-practice  and  the  employ- 
ment of  steam  for  controlling  the  temperature  of  the  metal.  It  is 
remarkable  that  the  use  of  direct  metal  has  been  so  long  postponed 
in  this  country.  The  first  Bessemer  (or,  rather,  Kelley)  blow  at 
Wyandotte,  in  18G4,  so  well  described  by  Captain  Hunt  in  his 
History  of  the'  Bessemer  Manufacture  in  America,*  was  made  with 
metal  direct  from  the  furnace,  and  the  practice,  though  interrupted 
by  experiments  with  reverberatory  furnace  and  cupola,  continued  to 
be  direct-metal  work  until  the  plant  was  abandoned.  The  singular 
silence  of  everybody  connected  with  the  plant  at  Wyandotte  (broken 
only  by  Captain  Hunt's  paper  above  referred  to)  as  to  the  working 
results  there,  leaves  a  blank  which  imagination  can,  perhaps,  fill; 
and  the  most  definite  information  I  have  been  able  to  get  is  to  the 
effect  that  they  had  "  a  good  deal  of  a  time  "  with  direct-metal.  The 
Bethlehem  Iron  Company  also  experimented  with  direct-metal,  but 
the  results  seem  to  have  been  unfavorable,  and  their  magnificent 
plant,  designed  by  Mr.  Fritz  with  special  reference  to  direct- work- 
ing, is  now  using  cupola-metal  only. 

European  practice  has  meantime  been  steadily  moving  toward  the 
abandonment  of  remeltiug,  and  very  few  new  plants  now  contem- 
plate the  use  of  cupolas.  Perhaps  the  superiority  of  our  cupola- 
practice  to  that  abroad  will  explain  why  we  have  clung  to  remelt- 
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ing,  ami  they  have  been  anxious  to  dispense  with  it,  but  I  fancy 
that  the  pressure  of  low  prices  for  product  has  had  much  to  do  with 
the  adoption  of  direct-working  on  the  other  side,  and  will  yet  bring 
it  about  here.  With  reasonably  good  ores,  success  in  working  direct 
depends  primarily  upon  intelligent  and  scientific  furnace-manage- 
ment, and  in  almost  equal  degree  upon  careful  and  constant  watch- 
fulness in  tlie  Bessemer  works.  These  two  factors  react  upon  each 
other.  The  information  that  anything  is  wrong  with  the  metal  is 
not  long  in  travelling  from  the  steel-works  to  the  furnace,  and  the 
furnace- manager  is  compelled  to  keep  a  close  watch  upon  his  product, 
and  take  immediate  steps  to  remedy  the  difficulty.  With  cupola- 
working,  the  always  magnanimous  Bessemer-man  will  attribute  the 
trouble  to  some  defect  in  his  own  work,  and  the  furnaceman  will 
maintain  tiiat  calm  serenity  of  mind,  which  characterizes  him  under 
ordinary  circumstances,  and  which  it  is  the  chief  mission  of  direct- 
working  to  dispel. 

But  with  the  best  of  furnace-work  some  means  of  knowing  what 
sort  of  metal  is  about  to  be  blown  must,  of  course,  be  at  the  disposal 
of  the  Bessemer  works ;  and  at  South  Chicago  tlie  plan  was  adopted 
of  taking  a  test  from  the  metal  as  it  ran  to  the  vessel,  which  was 
cast  in  a  chill  and  cooled  at  once  in  water.  The  fracture  of  this 
"chill"  enables  the  blower  to  judge  very  accurately  of  the  probable 
heat  of  the  charge,  and  the  necessary  additions  to  be  made.  After 
a  little  practice  mistakes  were  rarely  made,  and  the  "  chill "  has  the 
advantage  over  a  silicon-determination  that  it  registers,  so  to  speak, 
the  effect  of  other  elements  besides  silicon,  and  gives  the  operator  a 
tangible  record  of  the  metal  he  is  dealing  with.  The  quick  deter- 
mination of  silicon  has  been  brought  to  great  perfection  at  the  Edgar 
Thomson  Works,  and  is  an  excellent  guide  to  practice;  but  it  seems 
to  me  that  the  chill  furnishes  all  the  necessary  information  in  a  better 
form,  and  while  knowledge  of  the  silicon-percentage  is  of  great  im- 
portance to  the  furnacemen,  yet  the  Bessemer  works  is  better  served 
with  a  test-sample.  It  is  surprising  what  great  variety  of  metal  the 
Bessemer  process  can  deal  with  under  favorable  circumstances. 
White  iron  with  |  of  1  per  cent,  of  silicon  has  been  successfully 
converted,  and  so  has  iron  with  4  per  cent.,  with  all  the  intermediate 
grades,  but  the  best  metal  for  direct-working  is  found  to  be  that 
with  from  1  to  1|-  per  cent,  silicon,  pretty  gray,  and  with  not  more 
than  1  per  cent,  manganese.  Ten  tons  of  such  metal  can  be  blown 
in  ten  to  twelve  minutes,  and,  phosphorus  being  low,  will  make 
good  steel.     The  higher  limit  of  silicon  is  perhaps   the  safest,  as 


266      BESSEMER   PLANT   OF    NORTH   CHICAGO    ROLLING    MILL   CO. 

affording  reasonable  security  against  sulphur,  and  there  is  no  diffi- 
culty in  dealing  with  2J  or  even  3  per  cent,  of  silicon — quantities 
which  insure  that  sulphur  in  hurtful  amount  will  not  be  present. 

It  became  evident  very  soon  after  work  began  at  South  Chicago 
that  there  would  be  difficulty  in  keeping  down  the  heat  of  the  metal 
by  means  of  scrap  alone,  and  I  therefore  put  in  steam-connections 
to  each  of  the  vessel  blast-pipes,  with  the  object  of  cooling  the  metal 
by  means  of  steam,  but  had  no  opportunity  to  get  the  apparatus  into 
working  shape.  To  Mr.  W.  R.  Walker  is  due  the  credit  of  having 
made  the  use  of  steam  in  the  Bessemer  process  a  success  on  a  large 
scale,  for  all  previous  applications  had  been  hardly  more  than  ex- 
perimental. Though  the  cooling  effect  upon  molten  iron  of  steam 
used  by  itself  had  been  known  before  the  time  of  Bessemer's  early 
experiment,  yet  I  believe  there  is  no  record  of  the  successful  use  of 
steam  with  air  for  the  express  purpose  of  cooling  the  bath  in  the 
Bessemer  vessel  earlier  than  the  experiments  of  Captain  Jones, 
of  the  Edgar  Thomson  Works.  As  used  at  South  Chicago,  the 
apparatus  (if  it  can  be  called  so)  consists  of  a  2-inch  pipe  tapped  into 
the  blast-pipe  leading  to  each  vessel  where  it  leaves  the  regulating 
valve,  with  drip-cocks  for  drawing  off  water  of  condensation,  and 
a  steam-gauge,  with  the  necessary  globe-valves  for  regulation.  As 
soon  as  the  metal  in  blowing  shows  signs  of  undue  heat,  steam  is 
turned  on  (care  being  taken  to  drain  any  water  from  the  steam- 
pipes)  and  kept  on  until,  in  the  judgment  of  the  blower,  the  proper 
cooling  effect  is  produced.  An  enormous  quantity  of  steam  is  some- 
times required,  the  full  opening  of  a  2-inch  pipe  at  50  pounds  pres- 
sure being  occasionally  given.  Nothing  can  be  neater  or  more  effec- 
tual than  this  way  of  cooling  metal ;  there  is  no  handling  of  scrap, 
and  the  whole  matter  is  under  the  complete  control  of  the  blower, 
who,  by  opening  a  valve,  can  regulate  the  temperature  of  the  metal 
with  the  greatest  nicety.  A  capital  advantage  of  steam  is  that  with 
its  aid  metal  high  in  silicon  can  be  converted  without  difficulty,  so 
that  a  furnace  may  make  such  pig,  in  which  sulphur  may  be  kept 
low,  without  complaint  from  the  Bessemer  works.  It  may  be  of 
interest  to  note  that  no  removal  of  sulphur  or  phosphorus  is  effected 
by  the  use  of  steam.  The  mode  of  action  of  steam  in  cooling  the 
metal  is,  perhaps,  open  to  question,  but  it  is  probable  that  the  steam, 
on  reaching  the  tuyere-box,  has  wholly  condensed  into  watery  vapor 
which  is  raised  to  steam  in  passing  through  the  bath,  thus  absorbing 
a  large  amount  of  heat.  There  may  be  a  further  absorption  by  de- 
composition of  water,  but  that  this  will  have  much  influence  seems 
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unlikely  from  the  short  time  available  for  the  reactions,  and  from 
the  faet  that  sulphur  is  not  appreoiably  removed.  That  the  steam 
is  condensed  before  reaching  tiie  metal  is  evident  from  the  fact  that 
the  tuyere-box  and  blast-pipe  are  quite  cold,  whereas  without  steam 
these  parts  are  usually  hot  enough  to  burn  the  hand,  and,  indeed, 
water  runs  freely  from  any  leaky  joint  about  the  bottom.  That 
there  is  any  danger  of  explosion  with  reasonable  care  is  amply  dis- 
proved by  the  experience  at  South  Chicago,  though  it  must  be  con- 
fessed it  has  rather  a  risky  look  to  see  a  heat  blowing  in  a  vessel 
and  water  running  in  streams  out  of  the  tuyere-box.  No  danger  is 
to  be  apprehended,  however,  so  long  as  the  blast  of  air  is  simply 
drenched  with  watery  vapor;  it  is  the  intrusion  of  liquid  water  be- 
neath the  metal  that  is  to  be  feared,  and  this  can  be  effectually  pre- 
vented by  putting  a  drip  on  the  lower  side  of  the  tuyere-box,  so 
that  any  water  accumulated  there  may  be  drained  off  between  blows. 
Washing  of  the  clay  packing  around  the  butts  of  the  tuyeres  is 
prevented  by  mixing  some  hydraulic  cement  with  the  clay,  which 
then  sets  and  perfectly  resists  the  action  of  the  steam.  For  any 
Bessemer  works  liable  to  occasional  hot  heats  the  use  of  steam  is 
important;  for  a  direct-metal  plant  it  may  almost  be  said  to  be  in- 
dispensable. By  using  steam  the  consumption  of  scrap  may  be  con- 
fined to  what  the  Bessemer  works  itself  produces,  and  the  unmer- 
chantable scrap  from  the  blooming  and  rail-mills,  leaving  the  rail- 
ends  to  be  sold  or  rolled  into  wire-rods,  etc.,  for  which  there  is  always 
a  market.  The  saving  of  the  time  and  labor  employed  in  getting 
scrap  to  the  vessels  and  handling  it  there  is  a  not  inconsiderable 
item,  and,  on  the  whole,  I  do  not  know  any  point  of  practice  which 
better  commends  itself  for  convenience  and  economy  than  the  use 
of  steam. 

The  refractory  material  practice  in  the  West  generally  is  very 
good.  Vessel  linings  are  "  balled  up  "  with  finely  ground  patching- 
stuff  and  last  for  months,  and  bottoms  are  made  in  much  the  same 
way.  At  South  Chicago  a  10-ton  vessel  has  been  lined  up  in  this 
way  in  seven  hours,  and  some  remarkable  results  have  been  got 
with  bottoms.  A  bottom  has  made  as  many  as  twenty-nine  heats, 
yielding  238  tons  of  ingots ;  and  the  average  life  of  bottoms  for  a 
whole  month  has  been  eighteen  and  one-half  heats,  yielding  159 
tons  of  ingots.  In  a  paper  read  before  the  Institute  at  the  Cleve- 
land meeting,  in  1875,*  I  stated,  with  some  pride,  that  the  average 
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life  of  bottoms  at  North  Chicago  had  reached  the  unheard-of  figure 
of  eleven  heats  of  5  tons  each.  The  two  figures,  55  and  159,  repre- 
sent pretty  accurately  the  state  of  Bessemer  practice  at  the  differ- 
ent dates,  and  the  South  Chicago  figure,  being  got  with  direct-metal, 
is  particularly  creditable  to  the  management. 

The  product  of  ingots  at  South  Chicago  has  not  been  large,  for 
the  reason  that  the  blast-furnace  capacity  has  been  limited,  but  I 
have  every  reason  to  believe  that  with  plenty  of  metal  the  plant 
will  give  a  good  account  of  itself.  As  a  rule,  the  product  of  the 
furnaces  was  not  sufficient  to  keep  the  plant  going,  but  when  metal 
was  to  be  had  some  very  fair  runs  were  made.  The  best  twelve 
hours'  work  yielded  381  tons  of  ingots  in  forty-five  blows,  and  there 
appears  to  be  no  reason  why  this  rate  of  working  may  not  be  main- 
tained or  even  exceeded.  One  hindrance  to  large  output,  which  was 
foreseen,  and  so  far  as  possible  provided  for,  is  the  large  number  of 
small  ingots  cast.  Thus,  to  get  381  tons,  no  less  than  436  ingots 
had  to  be  handled,  with  an  equal  number  of  moulds.  The  cranes 
and  tracks  are,  however,  so  arranged  that  this  large  amount  of  hand- 
ling is  done  without  difficulty  and  without  interfering  with  any  other 
operations.  But  some  mechanical  device  is  very  much  needed  for 
handling  ingots  and  moulds;  the  work  about  the  pit  is  now  the 
most  severe,  and  in  the  aggregate  most  expensive,  labor  about  a 
Bessemer  works,  and  it  would  seem  that  there  is  room  for  some  de- 
vice which  shall  save  both  time  and  labor. 

It  is  to  be  hoped  that  a  thorough  trial  of  the  basic  process  may 
be  made  in  this  plant,  in  order  to  test  the  fitness  of  the  arrangements 
made  with  that  end  in  view.  If  the  basic  process  is  to  succeed  in  this 
country,  it  must  be  carried  on  in  works  designed  with  some  refer- 
ence to  the  process  and  provided  with  the  necessary  facilities.  South 
Chicago  being  the  only  works  in  the  country  which  has  been  built 
with  any  such  idea,  the  result  of  such  a  trial  will  be  looked  for  with 
much  interest. 

It  need  hardly  be  said  that  in  the  design  of  this  plant  I  had  the 
benefit  of  Mr.  Holley's  counsel  and  experience,  and  I  wish  to  record 
here  my  deep  sense  of  obligation  to  him,  which  his  untimely  death 
prevented  me  from  formally  expressing  during  his  lifetime.  No 
one  was  more  anxious  than  he  for  the  success  of  the  new  plant,  and 
my  only  regret,  on  the  day  when,  after  months  of  preparation,  steel 
was  at  last  made,  was  that  Ilolley  was  not  there. 

I  have  tried  to  make  clear  the  objects  aimed  at  in  the  design  of 
this  plant,  and  the  means  by  which  these  objects  have  been  accom- 
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plished.  The  conditions  wore  somewhat  novel  and  peculiar,  and 
the  result  is  a  plant  which,  perhaps,  might  better  have  been  allowed 
to  speak  for  itself. 

Discussion. 

President  Hunt:  I  think  many  of  us  who  are  in  the  Bessemer 
business  will  agree  with  Mr,  Forsyth  in  the  wish  that  the  prac- 
ticability of  the  basic  process  should  be  tried  in  Chicago.  I  am 
free  to  say,  that  here  in  Troy,  we  are  not  anxious  for  the  job. 


HALF  FRONT  ELEVATlOrj 


HALF  BACK  ELEVATION 
Showing  section  of  converter  trunion 


k 


Fig.f. 

and  as  the  South  Chicago  plant  was  designed  with  reference  to  that 
process,  it  certainly  is  the  one  in  the  United  States  that  can  best 
determine  whether  it  is  a  practicable  thing  for  this  country.     It  has 
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been  stated  by  some  gentlemen,  who  have  spent  time  abroad  investi- 
gating its  possibilities  in  reference  to  its  adoption  in  this  country, 
that  there  must  be  a  reduction  of  at  least  three  dollars  a  ton  in  the 
price  of  iron  for  that  process,  before  it  can  be  done.  Those  peaceful 
gentlemen,  the  blast-furnace  men,  to  whom  Mr.  Forsyth  has  referred, 
can  tell  us  whether  they  can  do  this.     I  am  told  they  are  all  being 
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mined  at  present.  One  of  them  told  me  that  he  did  not  know  how 
he  could  afford  to  be  in  Troy,  that  it  was  only  a  ruined  man's  im- 
pulse to  go  in  a  little  further  that  allowed  him  to  be  here  at  all. 

But,  gentlemen,  I  am  sure  you  have  found  Mr.  Forsyth's  descrip- 
tion of  those  works  very  interesting,  and  I  hope  to  have  it  discussed 
by  the  Institute. 
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Mr.  W.  F.  Dl'RFKE,  Bridgeport,  Conn. :  I  wish  to  call  the  atton- 
tiou  of  the  Institute  to  a  tabiilateil  arrangement  of  some  notes  rela- 
tive to  the  back-pressure  in  the  trunnion-cylinder  of  Bessemer  con- 
vertei-s.  The  experiments,  of  which  the  table  before  you  is  the 
rec\)rd,  were  undertaken  some  years  since,  at  my  request,  in  order  to 
test  the  accuracy  of  certain  calculations  of  my  own,  which  indicated 
that   the  particular  trunnion-cylinder  which  was  the  subject  of  the 

SECTION  C.D.OF  FIG.  2, 
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experiments  was  unnecessarily  large,  and  that  its  use  involved  a 
considerable  waste  of  power.  I  do  not  know  that  these  figures 
have  any  pertinence  to  the  plant  that  we  have  just  heard  de- 
scribed ;  but  as  bearing  upon  the  general  question  of  economy  of 
power  in  Bessemer  works,  I  think  they  will  be  found  of  interest. 
The  pressure  in  the  accumulator  (which  is  the  resistance  to  be  over- 
come by  the  pumping  machinery),  in  the  works  where  these  notes 
were  taken,  was  300  pounds  per  square  inch. 
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The  greatest  pressure  recorded  in  the  table,  260  pounds  per  square 
inch,  is  when  the  vessel  is  going  down  after  blowing;  bnt  opposed 
to  this  is  a  back  pressure  of  60  pounds,  which,  if  absent,  would 
have  permitted  a  pressure  of  200  pounds  per  square  inch  to  do  the 
work,  thus  showing  a  loss  of  at  least  30  per  cent,  of  the  power  stored 
in  the  accumulator.  A  similar  comparison  of  some  of  the  other 
pairs  of  pressures  recorded,  M'ill  show  a  much  greater  loss. 

Some  years  since  I  designed  a  mechanism  for  turning  converters, 
as  a  substitute  for  the  rack  motion  in  common  use.  In  the  accompa- 
nying drawings  this  mechanism  is  represented;  it  consists  of  a  cyl- 
inder concentric  with  a  prolongation  of  one  of  the  trunnions  of  the 
converter,  which  passes  through  the  two  heads  of  the  cylinder,  these 
being  provided  with  appropriate  stuffing  boxes.  Keyed  to  the  trun- 
nion, on  the  inside  of  the  cylinder,  is  a  wing  piston,  which  is  made 
water-tight  against  the  heads  and  circumference  of  the  cylinder  by 
suitable  packing.  Attached  to  the  inside  of  the  cylinder  below  the 
trunnion  is  a  fixed  abutment,  which  is  packed  water-tight  against 
the  finished  surface  of  the  hub  of  the  wing  piston.  Water  is  ad- 
mitted to  the  cylinder  on  either  side  of  the  fixed  abutment,  and, 
acting  on  the  wing  piston,  turns  the  converter  as  desired. 

I  regard  this  as  the  simplest  and  cheapest  method  of  turning  con- 
verters by  water  under  pressure  yet  proposed. 

Table  Showing  Pressure  in  Trunnion  Cylinder  of 
Bessemer  Converters. 


Vessel  moved  up  and  down  empty. 


Vessel  standing  half  way  to  receive  metal. 
Vessel  going  up  to  blow. 
Vessel  standing  up  blowing. 
Vessel  going  down. 
Vessel  standing  half  way. 
Vessel  going  down  to  ladle. 
Vessel  going  down  to  empty  slag. 
Vessel  going  down  to  empty  slag. 
Vessel  going  up  empty. 

President  Hunt  :  I  was  in  hopes,  gentlemen,  that  Mr.  Durfee 
would  refer  to  that  time  which  Mr.  Forsyth  spoke  of,  at  Wyandotte. 


Bottom. 

Top. 

Pounds. 

Pounds 

170 

155  ■ 

140 

100 

210 

80 

200 

125 

100 

120 

160 

80 

220 

60 

200 

130 

200 

120 

200 

165 

240 

60 

180 

50 

170 

80 

190 

60 

200 

80 

160 

80 

Jtitntp  of  'late  I. 


1 


'"7  -P  ^^ 


w 


Transactioiis  ©f  Oie  Americaii  Institute  of  MDriuig  Eiigaiiiieers.    Yol.  XII, 


ForfytJii.— Plate  I. 


Fi'j.  J.- General  Phn  of  Basanrr  Plnul. 
THE  BESSEMER  PLANT  OF  THE  XOETH  CHICAGU  ROLLING  MILL  COMPANY,  AT  SOUTH  CHICAGO. 


fiitecflW'"^^^"^^^^' 


Fig. 


TminsacMciHS  of  tlie  Imertcfflm  JlmstMute  cff  Mtatag  Emgimieers.    Yol.  XKI. 


Fcirsytl.— Plate  M. 


Fig.  2.—Oross-Secli<m  of  Beanmur  and  Spiegel  Ouimlu  Home  Along  Line  E  of  Fig.  1. 


Ti'aMsacti'diMs  of  the  Americam  iMsM'tite  of  Miiiiiiiiiig  EmgiHeers,    Vol.  XII. 


FoB-sytli.— Plate  IIL 
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ForsytJi,— Plate  IV. 


Fig.  4. — Section  of  Besftemer  House  and  Repair  Shop  Alony  A  B. 
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I  would  say  to  yon,  that  I  believe  Mr.  Diirfee  has  the  honor  of 
having  made  the  first  blow  of  Bessemer  steel  in  America.  And  he 
took  the  metal  dire<.*t  from  a  little  charcoal  furnace  situated  in  the 
works  of  Captain  Ward  at  Wyandotte.  I  went  there  some  months, 
perhaps  a  year,  after  the  first  steel  was  made.  They  were  still  hav- 
insx  some  trouble,  and  Mr.  Durfee,  referring  to  the  primitive  way  of 
turning  down  the  converter,  said  :  ''We  generally  turn  it  down  by 
man-power."  I  know  sometimes  it  went  down  and  sometimes  it 
did  not.  If  it  did  not  go  down  we  had  trouble.  And  when  we 
got  the  stuff  out  of  it,  we  did  not  know  what  it  w^as.  But,  never- 
theless, Mr.  Durfee  got  some  good  steel  from  the  metal  directly 
from  the  blast  furnace,  and  made  the  first  Bessemer  steel  in  America, 
and  the  fii-st  steel  that  was  rolled  into  rails  in  this  country.  As 
there  has  Ix^en  a  newspaj)er  controversy  on  this  subject,  I  may  as 
well  say,  that  I  know  that  Mr.  Durfee  made  the  steel  that  was  rolled 
into  rails  in  the  Chicago  Rolling  Mill  in  1865.  The  great  trouble 
with  us  in  our  early  Wyandotte  practice  was,  that  we  did  not 
have  silicon  enough  in  the  metal  to  keep  the  heat  up,  or  blast  enough 
from  the  blowing-engine.  Sometimes  we  succeeded  in  getting  one 
ingot  out  and  sometimes  two,  the  rest  of  the  charge  chilling  in  the 
converter.  But  the  process  went  on  to  success,  and  many  of  us  have 
lived  to  see  it. 

Mr.  Durfee  :  I  did  not  refer  to  that  particular  matter,  while 
speaking,  because  to-morrow  I  propose  to  read  a  paper  descriptive 
of  the  chemical  department  of  that  experimental  works,  when  I  shall 
have  something  to  say  relative  to  the  point  that  you  have  spoken  of; 
but  just  now  I  desire  to  say  a  few  words  explanatory  of  what  Mr. 
Forsyth  has  called  the  singular  silence  of  all  those  connected  with 
the  early  work  at  Wyandotte.  So  far,  sir,  as  I  am  answerable  for 
that  silence,  I  will  say  that  it  has  been  occasioned  by  no  fear  of  pub- 
licity, but  from  a  feeling  that  no  one  cared  to  know  anything  of  that 
early  work.  But  recently  I  have  had  so  many  inquiries  about  it, 
that  I  have  been  induced  to  write  the  paper  which  I  shall  read  to- 
morrow ;  and  at  an  early  day,  either  before  this  Society,  or  some 
other,  I  intend  to  read  another  paper  descriptive  of  just  what  was 
done,  and  my  reasons  for  doing  it,  in  the  mechanical  department  of 
the  works  at  Wyandotte. 

The  difficulty  with  the  blast  at  Wyandotte,  to  which  you  have 
referred,  is  very  easily  appreciated  now ;  but,  when  the  blowing 
engine  for  that  apparatus  was  designed,  the  English  works  were  all 
blowing  their  steel  with  8  pounds  pressure  of  blast,  relative  to  which 
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my  reasoning  was  this  :  that  if  we  were  going  to  do  work  in  a  hurry, 
if  we  wished  to  get  air  through  the  metal  before  a  large  part  of  it 
was  destroyed  by  oxidation,  we  must  have  much  more  pressure  than 
that.  My  design  was  for  an  engine  to  blow  14  to  16  pounds  pres- 
sure, but  as  soon  as  I  had  got  my  ideas  up  to  16  pounds,  the  English 
had  got  theirs  up  to  25  pounds,  and  my  blowing  engine  was  old- 
fashioned  before  it  had  got  fairly  into  use. 

Mr.  Forsyth  :  Mr.  Durfee's  remarks  about  the  pressure  in  hy- 
draulic cylinders  I  think  are  very  interesting.  I  have  made  some 
investigations  of  that  sort  myself,  and  I  found  not  quite  as  great 
differences  in  the  pressures  as  he  records,  but  still  great.  Using  an 
indicator,  and  taking  diagrams  from  which  the  mean  pressures  were 
afterwards  deduced,  I  found  about  90  pounds  back-pressure,  with 
something  like  240  pounds  on  the  other  side  of  the  piston,  which  cor- 
responds quite  closely  with  some  of  Mr.  Durfee's  results.  I  think 
investigations  of  that  sort  are  very  profitable,  and  more  of  them 
ought  to  be  made.  We  should  feel  very  much  obliged  to  Mr.  Dur- 
fee  for  calling  attention  to  it. 


B(ES SLEEPS  METHOD   OF  MANUFACTURING   SULPHUBIG 
ACID  AND  SULPHATE  OF  COPPER.^ 

BY  ARTHUR  F.  WENDT,  NEW  YORK. 

The  following  experiments  and  researches  were  originally  con- 
ducted by  Dr.  Heinrich  Roessler,  chief  of  the  German  Gold  and 
Silver  Parting  Establishment  at  Frankfort-on-the-Main,  for  the  sole 
purpose  of  abating  the  nuisance  created  by  the  discharge  into  the 
air  of  the  sulphurous  and  sulphuric  acids  generated  in  the  process 
of  parting  bullion  by  sulphuric  acid. 

The  results  achieved  have,  however,  an  important  bearing  not 
only  on  this  process,  but  are  of  value  in  the  manufacture  of  sul- 
phuric acid  and  sulphate  of  copper  from  sulpliurous  gases  derived 
from  any  source.  It  has  now  been  in  successful  operation  for  a  term  of 
years  at  Dr.  Roessler's  own  works,  and  has  been  lately  introduced  with 
satisfactory  results  at  the  royal  mints  of  Kremnitz  and  Munich,  and 
the  well-known  establishment  of  Johnson  Mathey  &  Co.,  of  London. 


*  Patented  in  England,  France,  Italy,  Germany,  Hungary,  and  the  United  States. 
The  author  represents  the  inventor  in  this  country. 
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The  process,  briefly  dcsoribod,  is  the  introduction  of  sulphurous 
gtises,  mixed  with  air  and  steam  in  a  tiuely-dividod  state,  into  a 
solution  of  blue  vitriol.  This  salt  acts  as  the  carrier  of  the  oxygen 
of  the  air,  continuously  converting  sulphurous  into  sulphuric  acid. 
It  replaces  the  nitric  acid  of  the  lead  chambers. 

Laboratory  experiments  readily  show  the  reactions  occurring. 
If  sulphurous  acid  is  allowed  to  pass  through  a  hot  and  not  too 
acid  solution  of  blue  vitriol  in  such  manner  as  to  keep  the  liquid  in 
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violent  ebullition,  it  will  rapidly  change  the  bright  blue  color  of  the 
solution  to  a  dirty  green.  An  addition  of  water  to  the  green  liquid 
will  precipitate  metallic  copper.  Salt  will  precipitate  subchloride 
of  copper.  These  reactions  are  proofs  of  the  reduction  of  a  portion  of 
the  sulphate  of  copper  by  the  sulphurous  acid  into  a  sulphate  of  the 
suboxide,  which  remains  dissolved  in  the  hot  solution  of  blue  vitriol 
To  the  presence  of  the  suboxide  is  due  the  change  in  color. 

If,  now,  air  is  blown  into  the  dirty  green  solution,  the  bright  blue 
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color  is  gradually  restored,  owing  to  the  re-oxidation  of  the  green 
sulphate  of  the  suboxide  into  blue  sulphate  of  the  protoxide,  the 
blue  vitriol  of  commerce.  The  reactions  of  reduction  and  oxidation 
go  on  indefinitely  and  practically  simultaneously  in  the  apparatus 
devised  by  Dr.  Roessler. 

A  sketch  of  the  apparatus  is  here  shown.  A  leaden  tank  (B),  some 
eight  or  nine  feet  high  and  five  feet  diameter,  carries  a  six-inch  lead 
pipe  (A),  branching  at  the  bottom  and  supporting  a  ring  (C),  with 
numerous  small  holes  drilled  on  the  lower  side.  A  Korting  steam 
injector  draws  the  gases  containing  the  sulphurous  acid  from  the 
flue  (D),  and  forces  them  through  the  blue  vitriol,  which  partly  fills 
the  tank  or  converter. 

From  80  to  90  per  cent,  of  the  sulphurous  acid  is  converted  into 
sulphuric  acid,  and  any  free  sulphuric  acid  that  may  be  present  in 
the  gases  forced  through  the  converter  is  completely  absorbed  by 
being  brought  into  intimate  contact  with  water.  The  acid  generated 
in  the  converter  reaches  a  strength  of  15°  to  20°  B. 

By  preference,  the  converter  is  now  employed  in  Europe  to  manu- 
facture blue  vitriol.  Sulphurous  acid  gas  generated  in  metallurgical 
or  other  commercial  operations  invariably  contains  a  small  percentage 
of  sulphuric  acid,  formed  either  by  oxidationof  sulphurous  acid  by  the 
oxygen  of  the  air,  or  carried  along  mechanically,  as  is  the  case  with 
gases  derived  from  parting  bullion.  It  is  only  necessary  to  fill  the  con- 
verter with  water,  introduce  copper,  as  "  cement "  or  otherwise,  into  the 
apparatus,  and  turn  on  the  injector,  and  the  reaction  begins.  At  first 
only  the  sulphuric  gases  are  absorbed,  and  dilute  acid  results,  which  at 
once  dissolves  copper  and  makes  blue  vitriol,  and  then  this  salt  acts  on 
the  sulphurous  acid,  as  above  described.  Thus  it  becomes  possible 
to  produce  a  solution  of  blue  vitriol,  which  gradually  becomes  con- 
centrated to  35°  B.  in  the  converter.  When  this  stage  of  concen- 
tration has  been  reached,  the  solution  can  be  drawn  off  and  replaced 
by  a  fresh  charge  of  water.  The  blue  vitriol  may  be  crystallized  and 
sold  as  such,  or  the  metallic  copper  may  be  recovered  by  a  dynamo 
machine,  or  precipitated  by  other  means. 

The  importance  of  Dr.  Roessler's  process  for  parting  establish- 
ments, government  mints,  and  other  chemical  and  metallurgical 
works  and  factories  located  in  large  cities,  cannot  be  over-estimated. 
By  the  use  of  the  converter,  at  a  very  small  first  cost  and  trifling  ex- 
penditure for  space,  the  means  are  provided  of  profitably  utilizing 
gases  which  have  hitherto  been  discharged  into  the  air,  to  the  dam- 
age of  the  public  health  and  surrounding  vegetation. 
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Many  copj^r  mines  and  other  sulphuret  mines,  distant  from  rail- 
nnids,  will  find  in  this  process  a  ready  means  of  obtaining  a  sujiply 
of  sulphuric  acid  without  erecting  and  operating  expensive  lead 
chambers. 

In  parting  works  a  marked  advantage  of  the  process  is  the  entire 
free<lom  from  acid  fumes  of  the  rooms  in  which  the  parting  kettles 
are  used,  and  tiie  consequent  good  health  of  the  operators. 

In  connection  with  this  description  of  Dr.  Roessler's  process,  it 
may  be  of  interest  to  give  an  account  of  the  many  unsuccessful  ex- 
j)eriments  maile  to  abate  the  evil  of  escaping  acid  fumes.  To  obtain 
reliable  data  in  the  experiments,  the  gases  operated  on'  were  analyzed 
by  measuring  the  volume  required  to  decolorize  a  standard  potassium 
permanganate  solution,  and  then  determining  the  SO3  in  this  solution 
by  precipitation  with  BaCl.  Computation  will  readily  determine 
the  amount  of  SO3  due  to  the  SO.,,  and  the  diiference  will  give  the 
SO3  present  as  such.  In  this  manner  the  average  of  one  cubic  meter 
of  gas  from  parting-kettles  was  found  to  contain  100  grams  SOgand 
20  grams  SO3,  or  4  per  cent.,  by  volume,  of  sulphurous  acid  gas. 

I  would  here  call  attention  to  the  fact  that  to  make  the  manufac- 
ture of  acid  in  lead  chambers  a  commercial  success,  at  least  8  per 
cent,  of  sulphurous  acid  should  be  present  in  the  gases.  It  is  one  of 
the  advantages  of  Dr.  Roessler's  process  that  even  a  fraction  of  1  per 
cent,  of  sulphurous  acid  can  be  utilized  at  a  profit. 

But  to  return  to  the  various  experiments.  Freytag's  system'  of 
absorbing  gases  containing  less  than  1  per  cent,  by  volume  of  SOj 
and  2  to  3  grams  SO3  in  1  cubic  meter,  was  as  follows :  The  gases 
were  allowed  to  ttscend  a  tower,  in  which  they  encountered  a  heavy 
spray  of  50°  sulphuric  acid.  The  SO3  was  absorbed  pretty  effectually, 
but  the  SO2  remained  in  great  part  unabsorbed. 

At  Schoppinitz,  in  Silesia,  roasting  furnace-gas  containing  only  ^ 
per  cent,  by  volume  of  acid  w'as  exposed  to  showers  of  milk  of 
lime.  The  absorption  was  quite  complete,  only  10  per  cent,  of  the 
acid  escaping,  but  the  system  was  cumbersome,  and  was  finally 
abandoned. 

Clemens  Winkler  has  used  the  following  systems  in  ultramarine 
works;  gases  from  such  works  contain  ^  to  2  per  eent.  SO^, 

Lead-towers  with  showers  of  60°  SO3,  containing  some  NO5. 

The  same  with  showers  of  sulphide  of  sodium. 

Towers  filled  with  limestone  or  wrought  scrap-iron,  combined 
with  showers  of  water. 

The  last  two  systems  were  quite  successful  in  absorbing  the  acid, 
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but  were  a  constant  source  of  expense,  and  produced  sulphate  of  lime 
or  iron  of  no  commercial  value,  and  almost  as  difficult  to  get  rid  of 
as  the  noxious  gases. 

Turning  now  to  Dr.  Roessler's  experiments.  He  recognized, 
almost  at  the  beginning,  the  fact  that  the  sulphuric  fumes  create  the 
main  annoyance.  Sulphurous  gases  are  considerably  lighter,  and 
are,  to  a  large  extent,  diffused  by  the  air  before  they  fall  to  the 
ground  and  create  annoyance. 

His  first  experiments  were  made  entirely  with  this  fact  in  view, 
and  consisted  in  passing  the  gases  through  a  layer  of  incandescent 
coke.  The  sulphuric  acid  was,  it  is  true,  reduced  to  sulphurous  acid, 
but  in  ascending  the  chimney  of  the  works  a  portion,  at  least,  was 
reconverted,  and  eventually  the  annoyance  of  stoppage  of  the 
draught  led  to  the  final  abandonment  of  the  system. 

Dr.  Roessler  next  turned  his  attention  to  absorption  of  the  gases 
by  water.  A  large  tower,  65  feet  high  and  9  feet  square,  was  filled 
with  coke,  and  a  plentiful  shower  of  water  passed  over  it.  A  long 
conduit,  connecting  the  tower  with  the  parting-kettles,  was  also  filled 
with  numerous  jets  of  water.  However,  notwithstanding  the  fact 
that  the  temperature  of  the  gases  was  reduced  by  two-thirds,  and 
a  large  outlay  for  water  incurred,  the  system  absorbed  only  one- 
half  of  the  sulphuric  acid  and  less  than  one-quarter  of  the  sul- 
phurous. This  system,  by  the  way  (although  in  a  cruder  and  less 
complete  form),  is  that  used  by  the  United  States  assay  offices  in 
New  York  and  San  Francisco.  How  incomplete  is  its  operation, 
everybody  living  within  several  blocks  of  these  works  can  bear 
testimony. 

Subsequent  experiments  led  to  the  abandoning  of  the  coke  filling 
of  the  lead-tower  and  its  replacement  by  an  extremely  fine  spray  of 
water,  created  by  jets  of  water  under  heavy  pressure  iinpinging  on 
platinum  plates.  The  success  of  this  system  was  somewhat  greater. 
Three-quarters  of  the  sulphuric  acid  was  absorbed,  but  only  one- 
quarter  of  the  sulphurous  could  be  caught. 

Finally,  and  quite  accidentally,  Dr.  Roessler's  present  system,  as 
described,  was  hit  upon.  It  has  been  eminently  successful,  and 
where  used  has  completely  stopped  the  only  too  well-founded  com- 
plaints of  discharging  the  noxious  gases  into  the  air,  and  has  converted 
a  source  of  annoyance  and  expense  into  a  source  of  profit. 
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Ay  EXPERIMENTAL  WOBKIXG  OF  SILVER  ORES  BY  TEE 
LEACHING  PROCESS. 

BY  J.   H.    CLEMES,   SONORA,   MEXICO. 

The  process  of  leaching  silver  ores  with  sodium  hyposulphite  is 
comparatively  new,  and  published  accounts  of  the  details  and 
losses  of  the  process  are  as  yet  very  few.  The  following  account  of 
a  careful  series  of  experiments  to  determine  the  actual  loss  in  this 
process  may  therefore  bo  acceptable  to  members  of  the  Institute. 

The  ore  treated  was  highly  calcareous,  and  the  principal  sulphide 
present  was  iron  pyrites.  Following  is  an  analysis  by  Professor 
Price,  of  San  Francisco,  of  the  ore  treated  : 

Per  cent. 

Silica, 15.13 

Sulphur 13.31 

Arsenic, 9.82 

Iron, 17.33 

Alumina,    ..........  1.35 

Zinc, 4.92 

Lead, 1.78 

Carbonate  of  lime, 33.78 

Magnesia, 2.58 

100.00 

Ten  tons  were  cru.shed  dry  with  a  30  X  30  screen  r=  900  holes 
per  square  inch.  In  order  to  feel  our  way  with  this  ore,  two  experi- 
mental or  "pilot"  charges  were  roasted. 

Pilot  Charge  No.  1. 

Treated  1000  pounds  in  a  four-hearth  reverberatory. 

8.30  P.M. — Entered  fourth  hearth,  remaining  there  one  and  one- 
half  hours ;  sulphur  began  to  burn. 

10  P.M. — Changed  to  third  hearth ;  ore  became  red-hot  half  an 
hour  after  entering;  the  fireplace  was  kept  almost  destitute  of 
fuel. 

2.30  A.M. — Changed  to  second  hearth.  Charge  continued,  giving 
off  a  large  quantity  of  sulphurous  fume;  the  fireplace  was  kept 
dark. 
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3.30  A.M. — The  combustion  of  sulphur  much  decreased;  the  ore 
swelled  a  little. 

4  A.M. — The  mass  began  to  lose  its  glow  and  to  become  dark. 
Fuel  was  thrown  on  the  grate-bars  until  the  arch  of  furnace  was 

red. 

4.30  A.M. — Combustion  of  sulphur  ceased;  60  pounds  of  salt  =  6 
per  cent,  were  added.     The  salt  was  dry  and  finely  sifted. 

5  A.M. — Charge  passed  to  first  hearth,  a  small  evolution  of  sul- 
phurous acid  still  continuing.  Although  the  fire  was  moderately 
urged,  the  chlorine  fumes  were  not  nearly  as  copious  as  could  be 
wished. 

5.30  A.M. — The  amount  of  chlorine  fume  was  very  much  de- 
creased ;  the  furnace  was  kept  at  a  good  red  {coup  cle  feu). 

6  A.M. — ^The  charge  was  considered  rendered,  and  was  drawn. 

It  evolved  hardly  any  chlorine,  even  under  a  sharp  fire — a 
marked  difference  from  the  siliceous  ores  that  we  generally  treat 
here;  the  latter  continue  to  give  off  chlorine  fumes  after  being 
drawn,  the  cause  being  the  action  of  the  silica  on  the  common  salt, 
which  is  always  present  in  excess. 

The  roasted  ore  assayed  245  milles  =  71.5  Troy  ounces  per  ton 
(2000  pounds)  avoirdupois.*  By  crucible  assay,  as  often  happens 
with  ores  in  which  the  silver  exists  as  chloride,  the  result  by  the 
scorification  method  is  less ;  in  this  case  the  assay  by  the  latter 
method  was  218  milles. 

Three  portions  of  300  grains  each  were  treated  with  boiling  con- 
centrated sodium  hyposulphite,  and  their  residues  assayed  in  the 
usual  way ;  the  buttons  weighed  .152  and  .150  grains  =  79  per  cent, 
and  80  per  cent,  chloridized. 

The  pile  was  moistened  and  allowed  to  stand  two  days.  300 
grains,  treated  as  before,  left  a  button  weighing  .138  grains  =  81 
per  cent,  chloridized. 

Pilot  Charge  No.  1  b. 

This  was  composed  of: 

900  pounds  Pilot  charge  No.  1. 
200  pounds  raw  ore. 

1100  pounds. 


*  As  1  mille  is  taken  =  0.001  per  cent.,  tlie  above  assay  is,  therefore,  0.245  per 
cent.,  or,  as  is  often  written,  245  grams  per  100  kilograms. 
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It  was  roasted  in  a  five-hearth  furnace. 

3  P.M. — Entered  fifth  hearth. 

4  P.M. — Changed  to  fourth  hearth. 
0  v.yi. — Changed  to  third  hearth. 

7  P.M. — Entere<l  second  heartli. 

Half  an  hour  afterwards  a  very  slight  combustion  of  sulphur 
began. 

8  P.M. — The  mass  received  4  per  cent,  of  salt,  and  began  to  swell 
considerably. 

8.30  P.M. — Changed  to  first  hearth. 

9  P.M. — The  charge  worked  well,  giving  off  a  great  deal  of  gas, 
swelling,  and  becoming  spongy.     A  light  fire  was  used. 

10  P.M. — Strong  evidence  of  active  chlorination. 

11  P.M. — The  charge  appeared  to  be  rendered,  and  was  with- 
drawn. 

300  grains  of  the  roasted  pulp  were  digested  with  sodium  hypo- 
sulpliite;  the  residue  yielded  a  button  weighing  0.016  grains. 

Repeated,  300  grains  gave  a  button  weighing  0.015  grains. 

The  roasted  pulp  was  weighed  after  sprinkling: 

First  weight,  1752  pounds;  second  weight,  1730  pounds;  de- 
ducting 9.88  per  cent,  moisture  =  1569  pounds  net. 

In  its  double  passage  through  our  furnace  it  picked  up  other  ores 
and  dust  from  corners,  etc. 

200  pounds  of  this  roasted  pulp  were  placed  in  a  small  vat  and 
treated  with  cold  spring  water  for  the  purpose  of  dissolving  out  the 
soluble  salts  of  base  metals  present  in  the  pulp.  A  part  of  the  liquid 
escaping  from  the  bottom  of  the  vat  was  caught  in  a  bucket  and  the 
metallic  salts  held  in  solution  were  precipitated  as  sulphides  by  the 
addition  of  a  little  calcium  sulphide. 

The  precipitate  was  dried,  and  yielded  by  assay  3.696  per  cent, 
silver;  the  operation  was  repeated  half  an  hour  afterwards,  yielding 
a  precipitate  which  contained  0.452  per  cent,  silver.* 

Our  usual  working  solution  of  hyposulphite  was  then  turned  on 
the  pulp  and  allowed  to  run  three  days;  specific  gravity  of  solution, 
2°  B. 

The  tailings  obtained  assayed  7  milles  =  2.04  ounces  per  ton  of 


*  It  will  be  observed  that  a  large  loss  of  silver  occurred  in  washing  out  the  base 
metals,  due  to  the  solubility  of  silver  chloride  in  brine.  This  loss  will  not  be  tol- 
erated in  treating  eight  and  one-half  ton  lots,  as  the  first  wash  will  be  suppressed. 
On  the  large  scale,  also,  this  loss  can  be  avoided  ;  further  on  we  will  describe'*the 
modes  of  eflecting  this. 
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2000  pounds.  The  chlorination  was  further  advanced  by  allowing 
the  moistened  pulp  to  lie  heaped  before  leaching.  It  is  still  more 
advantageous,  in  addition  to  the  above  precaution,  to  allow  the 
roasted  ores  to  lie  red  hot  as  long  as  possible. 

Pilot  Charge  No.  2. 

Roasted  in  a  five-hearth  furnace. 

1  P.M. — Entered  fifth  hearth;  sulphur  began  to  burn  half  an  hour 
afterwards. 

2  P.M. — Changed  to  fourth  hearth ;  the  hot  pulp  ran  over  the 
whole  hearth  like  quicksilver. 

3.30  P.M. — Changed  to  third  hearth.  The  sulphur  burned 
strongly,  the  arch  becoming  completely  red.  Very  little  wood  was 
kept  in  the  fireplace. 

5  P.M. — Changed  to  second  hearth.  The  charge  did  not  swell;  it 
ran  before  the  rake,  and  great  care  had  to  be  used  to  prevent  its 
running  out  at  the  working-door. 

6  P.M. — Added  8  per  cent,  salt,  well  dried  and  finely  sifted.  The 
charge  immediately  began  to  swell  and  to  give  off  copious  torrents 
of  gases. 

8.30  P.M. — Entered  first  hearth,  the  charge  still  containing  some 
sulphur.  Hardly  any  wood  was  kept  on  the  fire-bars.  Still  larger 
volumes  of  gases  were  evolved;  the  charge  was  much  increased  in 
bulk. 

A  sample  was  taken  from  the  furnace,  and  a  chlorine  assay  made 
in  the  usual  way  showed  76.2  chloridized,  the  two  300  grain  samples 
giving  buttons  both  weighing  0.118  grains. 

The  pulp  itself  only  assayed  164  milles,  having,  in  its  passage 
through  our  fire-ovens,  taken  up  a  large  amount  of  poor  ore  from 
corners,  etc.  Our  furnaces  were  well  scraped  before  introducing 
this  ore,  and  a  charge  of  tailings  was  put  through  ahead  of  it  to 
clean  off  the  floors  and  corners. 

11.30  P.M. — A  fresh  sample  taken;  buttons  from  300  grains 
weighed  .026  and  .024  grains  =  96  per  cent,  chloridized. 

12.30  A.M. — Charge  still  contained  a  very  little  sulphur. 

1.30  A.M. — Charge  commenced  to  grow  dark;  the  gas  evolved 
smelt  strongly  of  chlorine;  no  smell  of  sulphurous  acid  could  be 
perceived. 

^  A.M. — The  charge  was  considered  to  be  roasted  dead,  and  was 
withdrawn. 
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The  above  chlorine  assay  proves  that  it  nii<iht  have  been  witli- 
drawn  tiro  and  one-half  Iiours  before  it  was. 

The  heap,  at\er  cooling  naturally,  was  sprinkled,  and  2  samples 
of  300  grains  were  taken  twenty-four  hours  afterward,  and  gave  .028 
and  .038  grains  =  94.5  per  cent,  chloridized.* 

The  roasted  pulp  was  weighed:  first  weight,  1704  pounds;  second 
weight  1700  pounds;  deducting  7.52  per  cent,  moisture  =  about 
1570  jK>unds  net. 

The  raw  pulp  having  originally  weighed  1000  pounds,  it  took  up 
from  tailings,  etc.,  from  bottoms  and  corners,  during  its  passage  in 
five  hearths  9'  X  9'  each,  570  pounds. 

This,  of  course,  vitiates  the  result  very  considerably,  but  we  were 
very  loath  to  pass  through  the  large  parcel  without  having  some  in- 
sight into  the  working  of  the  ore.  Nothing  analogous  happened  on 
working  the  large  lot,  because  the  first  charge  or  two  were  the  only 
ones  affected. 

A  further  chlorine  assay  of  the  roasted  pulp  was  made,  buttons 
from  300-grain  samples,  digested  with  hyposulphite,  giving  0.028 
grains  and  0.030  grains  ^  94  per  cent,  chlorinized. 

Experiments  were  made  with  a  view  to  ascertain  the  loss  occa- 
sioned by  washing  the  roasted  pulp  with  spring  water.  100  grains 
were  washed  by  decantation  and  filtration ;  the  residue  yielded  by 
assay  a  button  weighing  0.033  grains,  the  ore  before  washing  con- 
taining 0.164  per  cent. 

Nothing  analogous  to  this  occurs  on  the  large  scale,  because  the 
brine  is  so  rapidly  diluted  by  the  influx  of  large  quantities  of  water. 
One  quintal  of  roasted  pulp  from  Pilot  No.  2  was  washed  several 
hours  in  a  small  vat;  assays  of  the  ore  after  this  wash  gave  169 
milles  and  170  milles — the  original  unwashed  ore  assaying,  as  be- 
fore, 164  milles.  There  was,  as  before,  some  loss  of  silver  in  this 
operation,  but  the  water  removed  the  excess  of  common  salt  and  cer- 
tain soluble  metallic  salts, — probably,  in  this  case,  mostly  sulphate 
of  iron, — so  that  the  washed  residue  was  richer  in  silver  than  the 
original,  its  weight  being  less. 

Two  more  samples  from  this  roasted  pulp  were  assayed,  giving 
166  and  158  milles. 


*  With  this  charge,  as  with  its  predecessors,  no  pains  were  taken  to  obtain  it  from 
all  parts  of  the  pile  of  raw  pnlp,  as  we  were  not  then  aware  of  the  great  differences 
of  grade  existing  between  the  different  classes  stamped.  The  roasted  pulp  assayed 
by  the  crucible,  0.1 64  per  cent,  and  0.163  per  cent. ;  by  scorification,  0.138  per  cent. 
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The  Main  Lot. 

Weights  of  Maw  Pulp. 

16,639  pounds  was  the  weight  of  the  main  lot  roasted. 
100  pounds  were  sent  to  San  Francisco. 
1,000  pounds  were  taken  by  Pilot  Charge  No.  1. 
200  pounds  were  added  to  roasted  pulp  of  Pilot  Charge  No.  1,  forming 
Pilot  No.  1  b. 
1,000  pounds  were  taken  for  Pilot  Charge  No.  2. 
50  pounds  taken  for  samples. 
221  pounds  of  small  rock,  gravel,  etc.,  which  remained  in  the  mortar- 
bed  after  finishing  the  stamping. 


19,210  pounds. 

720  pounds  difference  in  weight. 

We  use  a  wet  mill,  and  in  stamping  dry,  cannot  prevent  "  dust 
loss." 

Part  of  the  loss  is  moisture  expelled  from  the  sheet-iron  plates, 
and  part  was  due  to  the  fact  that  the  oi'e  was  partially  burnt  on  the 
plates. 


20,000  pounds  weight  of  ore. 

Free  sulphur  was  condensed  on  the  upper  strata  of  the  ores  lying 
on  the  sheet-iron  plates. 

The  pulp  (main  lot)  was  twice  weighed,  once  on  entering  room 
from  stamps — 16,656  pounds;  once  on  leaving  room  for  furnaces — 
16,622  pounds; — average,  16,639. 

Assays. 

Samples  were  taken  after  removing  the  two  pilot  lots  and  the 
sample  for  San  Francisco  : 

364  milles  =  106.2  ounces  per  ton  of  2000  pounds. 


370 

107.7   " 

375 

109.4   " 

378 

110.2   " 

377 

110    " 

374 

109.1   " 

376 

109.7   " 

376 

109.7   " 

380 

110.8   " 

381 

111.1   " 

Average,  375.1  milles  (0.375  per  cent.)  =  109.4  ounces  per  ton. 

The  silver  contained  is  16,640  pounds  @  0.375  per  cent.  =  62.400 
pounds  avoirdupois. 
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Boasting  of  3Iain  Lot. 

Before  ohargiiiij  any  of  this  lot  four  charges  of  taih'ngs  were  sent 
ahead  to  clean  off  Iicarths,  corners,  etc.;  since  these  tailings  did  not 
assay  more  than  0.005  per  cent.,  any  small  residue  of  them  remain- 
ing in  the  furnace  may  be  regarded  as  neutral.  The  passage  of  these 
inert  tailings  left  the  furnaces  cold,  and  the  first  ore-charges  worked 

verv  slonlv. 

•  » 

The  ore  was  roasted  in  a  six-hearth  reverberatory  furnace,  each 
hearth  being  9  foot  square.  Each  charge  weighed  1000  pounds. 
With  a  more  intimate  knowledge  of  the  ore,  very  much  larger 
charges  c;\n  be  used. 

The  salt  used  was  eight  per  cent,  of  the  Aveight  of  the  ore,  i.e.,  80 
pounds  to  each  charge. 

G  P.M. — Entered  sixth  hearth. 

7  P.M. — Changed  to  fifth  hearth,  a  new  charge  entering  the  sixth. 

8.30  P.M. — Changed  to  fourth,  there  being  no  signs  of  combustion 
of  sulphur,  although  the  second  hearth  was  completely  red. 

9  P.M. — Second  charge  changed  to  fifth  hearth. 

9.15  P.M. — Third  charge  entered  sixth  hearth.  Sulphur  began  to 
burn  in  fii*st  charge  in  fourth  hearth. 

10  P.M. — Changed  first  charge  to  third  hearth  ;  the  hearth  became 
red-hot  through  the  energy  of  combustion  of  charge. 

10.15  P.M. — Changed  second  charge  to  fourth  hearth  ;  its  sulphur 
began  to  burn. 

10.45  P.M. — Changed  third  charge  to  fifth  hearth. 

]  1  P.M. — Fourth  charge  entered  sixth  hearth. 

11.30  P.M. — First  charge  entered  second  hearth. 

1 1.45  P.M. — Second  charge  entered  third  hearth  ;  it  was  red-hot. 

12.30  A.M. — Added  the  salt  to  first  charge. 

1.30  A.M. — Changed  it  to  first  hearth  ;  it  still  emitted  sulphurous 
fumes. 

2.30  A.M. — Added  salt  to  second  charge  wldle  yet  in  the  third 
hearth.  This  was  done  to  begin  the  chlorination  in  that  hearth,  so 
that  less  should  remain  to  be  done  in  the  other  two. 

3  A.M. — Sulphur  began  to  burn  in  the  fifth  hearth.  There  were 
signs  of  very  active  chloridizing  in  the  first  hearth. 

5.30  A.M. — First  charge  was  considered  done,  and  withdrawn. 

Sulphur  began  to  burn  in  the  sixth  hearth  :  it  will  be  observed 
that  a  cold  furnace  fifty-four  feet  long  was  very  rapidly  warmed  up. 
This  ore  can  be  chlorine-roasted  with  a  very  small  expenditure  of 
fuel. 


286       WORKING   OF   SILVER   ORES    BY   THE    LEACHING   PROCESS. 

8  A.M. — Second  charge  was  drawn.  Another  charge  received  its 
salt  in  the  third  hearth. 

9  A.M. — The  second,  third,  fourth,  and  fifth  hearths  were  com- 
pletely red-hot,  although  very  little  wood  was  kept  on  the  fire-bars; 
the  fire-place  measures  only  4'  6"  X  1'  10'',  the  bridge  being  1'  i" 
high. 

The  charge  in  the  fire-hearth  always  appears  dark  in  color,  only 
glowing  when  moved  with  the  rake.  It  speedily  assumes  the  ap- 
pearance of  well-roasted  ore,  even  when  samples  removed  from  it 
give  off  a  strong  odor  of  sulphurous  acid ;  i.e.,  when  it  is  known  to 
contain  intermixed  raw  sulphides. 

11  A.M. — Charge  No.  3  was  drawn.  After  this  the  following 
charges  continued  to  be  drawn  at  intervals  of  from  two  to  three 
hours ;  salt  was  invariably  added  in  the  third,  hearth. 

In  the  night  we  saw  plainly  that  the  three  hearths  furthest  from 
the  fireplace  were  much  hotter  than  the  three  nearest  to  it.  This 
indicates  the  advantage  of  a  continuous  progressive  furnace  for  this 
ore. 

We  can  see  no  reason  why  this  ore  should  not  be  roasted  fast  by 
people  accustomed  to  it ;  the  furnace  might  be  as  long  as  eighty 
feet.  If  a  mechanical  furnace  be  used  the  ore  could  be  advanced  to 
the  red-hot  stage  by  the  waste  heat  from  it. 

As  soon  as  our  own  ores  entered  the  furnace,  after  the  last  charge 
of  these  was  done,  the  furnace  rapidly  began  to  cool. 

Assays  of  Roasted  Pulp. 

323  milles  =  94.2  troy  ounces  per  ton  of  2000  pounds. 

315  "  91.9         " 

313  "  91.3  "  "  " 

316  •"  92.2  "  "  " 
313  "  91.3  "  "  '< 
313  "  91.3  "  "  " 
321  "  93.6  "  "  " 
312  "  91  "  "  " 

311  "     90.7    "       "        " 

312  "     91     "       "        " 

Average,  314.9  "  91.8        "  "  " 

The  ore  was  twice  weighed : 

First  weight, 17,474  pounds. 

Second  weight, 17,564        " 

Mean, 17,519 
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As  wa-*  done  with  the  raw  pulp,  a  small  portion  was  taken  with 
a  U  tool  from  each  hand-barrow  on  weighing;  halt'  the  samples  are 
from  the  first  weighing,  half  from  the  second. 

Furnace  Loss. 
We  have : 

55.167  pounds  fine  silver  in  the  roasted  pulp,  being  17,519  pounds  of  pulp, 

assaying  0.3149  per  cent. 
62.400  pounds  fine  silver  was  contained  in  the  raw  pulp. 

7.233  pounds  fine  silver^  11.6  per  cent,  is  the  apparent  loss. 

During  the  roasting  of  these  ores  the  draught  was  kept  very  slug- 
gish, and  the  pulp  was  purposely  not  raked  in  the  sixth  hearth.  On 
dropping  the  ore  into  that  hearth  and  on  shovelling  and  raking  it 
in  the  other  hearths,  considerable  dust  was  evolved,  which  passed 
into  our  main  flues. 

Our  flues  are  7'  high  by  5'  wide,  and  are  only  cleaned  out  once  a 
year.  They  can  only  be  cleaned  out  after  the  furnaces  have  been 
shut  down  several  days.  It  was,  therefore,  out  of  the  question  to 
have  had  them  cleaned  for  this  experiment. 

We  took  great  precautious  to  have  the  hearths  very  thoroughly 
scraped  after  the  last  charge  of  these  ores  passed  through.  Our  own 
ores  following  the  last  charges  of  the  experimental  ores  were  tinged 
by  the  latter;  part  of  this  was  from  the  hearths  and  corners,  and 
part  dust  from  working  the  ores  auteceding  ours. 

The  first  two  hacienda  charges,  1500  pounds  each,  which  followed 
the  experimental  ones,  assayed  139  milles  and  137  milles,  the  ores 
of  the  former  in  all  the  other  furnaces  during  that  day,  only  as.say- 
ing  70  milles.  This  accounts  for  2.040  pounds  of  the  silver  lost  in 
roasting  the  experimental  ores,  reducing  the  loss  to  5.193  pounds. 
This  figure  would  show  a  roasting  loss  of  8.3  per  centum. 

The  next  four  or  five  charges  of  hacienda  ores  were  still  tinged 
with  the  characteristic  color  of  the  ores  of  the  experiment.  They 
assayed  80  milles  and  77  milles,  the  hacienda  ores  pure  only  assay- 
ing 70  milles.  The  ores  were  roasted  in  a  furnace  which  had  not 
been  stopped  for  two  years,  the  bottom  of  which  is  somewhat 
uneven. 

With  well-constructed  dust  and  condensation  chambers,  and  with 
what  is  more  important  still,  long  and  spacious  flues,  the  roasting- 
loss  in  these  ores  will  be  very  light  if  the  firing  is  done  intelligently. 
They  need  very  little  fire. 
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Fifty  pounds  were  taken  from  the  roasted  ])ulp  while  still  hot; 
they  are  not  included  in  the  above  weights ;  they  would  very  slightly 
lessen  the  loss  shown,  leaving  it  8  per  cent. 

l^esfs  of  the  Roast. 

Chlorine  assays  from  the  whole  pile,  forty-eight  hours  after  the 
ores  had  lain  moist  in  a  vat,  are  as  follows: 

No.  1. — Buttons  from  .300-grain  samples,  boiled  with  concentrated  sodium  hypo- 
suljihite,  gave  .04G  grains  and  .046  grains ;  original  sample  assayed  313  milles  =  95.1 
per  cent,  chlorinized. 

No.  2  gave  buttons  of  .052  and  .040  grains;  original  sample  assayed  323 
railles  =  94.9  per  cent,  chlorinized. 

No.  3  gave  buttons  of  .048  and  .054  grains;  original  sample  assayed  315 
milles  =  94. C  per  cent,  chlorinized. 

After  the  first  four  or  five  charges  were  roasted  50  pounds  were 
placed  in  a  small  vat  and  treated  with  our  ordinary  working  solu- 
tion, 2°  B.  . 

The  tailings  assayed : 

18  milles  ^  5.25  ounces  per  ton  of  2000  pounds. 
After  forty-eight  hours  further  leaching,  the  tailings  assayed: 

15  railles  =  4.38  ounces  per  ton. 
18      "  5.25      "  " 

The  cloth  in  the  bottom  of  the  vat  did  not  filter  freely. 

Leaching. 
The  amount  served  to  the  vat  was : 

17,519  pounds,  as  before  stated. 

50  pounds  were  taken  for  assay-samples — 25  on  first  weighing,  25  on 
second. 


17,469 
1,342  pounds,  residue  from  Pilot  Charge  No.  2  (viz.,  1462  pounds,  less 
7.5  percent,  moisture),  were  added. 

18,811  pounds,  total  served  to  vat. 

Silver  Content. 

55.010  pounds  fine  silver,  being  17,169  pounds  ore,  assaying  0.3149  per 
cent. 
2.187  pounds  silver  in  residue  of  Pilot  No.  2,  being  1342  pounds  ore,  by 
0.163  per  cent,  (mean  of  four  assays,  166,  168,  164,  163  milles.) 


57.197  pounds  pure  silver  being  total  content. 
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Chock-sainplos  were  taken  from  top  of  vat,  to  ascertain  progress 

witboiit  emptying-  the  vat : 

Fifth  d:iy — 22  milles  ^  6.4  ounces  per  ton. 

2-2      "  0.4       " 

Sixth    "       19      "  5.5       "  " 

"       "       17      "  5 

The  roasted  pulp  was  placed  in  a  vat  with  a  perforated  false  bot- 
tom covered  with  manta  (nubleached  cotton  cloth).  Another  cloth  was 
spread  over  the  ore  and  covered  with  poor  tailings.  The  latter  pre- 
caution was  taken  to  keep  out  ore-dust  and  to  filter  from  the  working 
solution  a  very  small  quantity  of  silver  sulphide,  which  is  nearly 
always  suspended  in  it. 

The  usual  bottom  is  a  layer  of  broken  slag  with  a  layer  of  jig- 
tailings  on  top  of  it.  The  result  of  using  the  two  cloths  was  that  a 
stream  of  only  say  ^"  diameter  issued  from  the  spout  instead  of  a 
full  stream  of  1 }"  ;  i.e.,  the  filtration  was  slow.  Moreover,  only  one 
small  precipitating  tank  was  used,  and  the  .stream,  small  as  it  was, 
was  often  interrupted.  The  (filtration)  leaching,  instead  of  being 
completed  in  four  days,  took  rather  more  than  a  week.  The  first 
leaching  with  spring  water  was  suppressed. 

The  silver-precipitate  obtained  was  filtered  and  afterwards  dried 
four  days  on  sheet-iron  plates,  over  a  very  small  fire.  It  was  then 
passed  through  a  6  X  6  sieve,  and  weighed  291  pounds  avoirdupois. 

Six  samples  were  then  taken  and  portions  at  once  weighed  for 
assay.  The  reason  for  weighing  for  assay  without  loss  of  time  was 
that  the  little  remaining  moisture  might  be  exactly  the  .same  in  the 
assay  portions  as  in  the  main  lot. 

The  assay  results  were  18.791  per  cent.,  18.857  per  cent.,  18.923 
per  cent.,  18.906  per  cent.,  18.877  per  cent.,  18.767  per  cent. 

AVe  have,  therefore,  291  pounds  precipitate,  assaying  18.852  per 
cent.  =  54.859  pounds  pure  silver.  The  silver  contained  in  the 
roasted  pulp  which  entered  the  vat  was  57.197  pounds,  and  of  this 
we  obtained  95.91  per  cent.  The  loss  wa.s  2.338  pounds  of  silver  = 
4.09  per  cent.  Judging  by  the  check-samples  of  tailings  which  have 
so  far  been  withdrawn  from  vat,  this  result  appears  slightly  high. 

For  the  purpose  of  ascertaining  the  ley  (fineness)  of  this  precipitate 
as  it  would  enter  the  cupelling  furnace,  after  being  partially  roasted 
in  a  reverberatory,  a  small  portion  was  roasted  without  stirring,  in 
a  shallow  dish  •  the  residue  assayed  26.032  per  cent,  silver.  There 
will  be  very  little  expense  in  refining  this  substance;  the  German 
cupelling  furnace  will  j>robabIy  l>e  found  more  suitable  than  the 
English  one  for  this  purpose. 

VOL.   XII.— 19 
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When  our  roasters  become  acquainted  with  the  ore  they  will  be 
able  to  use  much  less  salt,  and  the  first  leaching  for  removing  soluble 
salts  of  base  metals  can  be  used.  Of  late  we  connect  a  piece  of  hose 
to  the  water-pipe  and  allow  some  three  feet  of  its  extremity  to  lie  on 
the  slag,  the  vat  being  then  filled  with  ore.  As  water  enters,  some 
is  allowed  to  escape  through  the  spout.  In  this  way  the  water  least 
saturated  with  common  salt  flows  away  first,  and  the  more  saturated 
portions,  on  their  descent,  are  diluted,  depositing  the  silver  chloride 
in  the  ore.  It  will  be  remembered  that  silver  chloride  is  soluble  in 
a  strong  solution  of  common  salt,  but  is  precipitated  on  diluting  that 
solution.  After  washing  a  few  hours  in  this  manner,  the  excess  of 
salt  is  removed,  the  hose  is  then  pulled  away,  and  the  wash  com- 
pleted by  allowing  the  water  to  enter  on  top. 

Besides  the  points  of  detail  referred  to  in  the  first  leaching,  there 
are  certain  points  of  management  in  the  second  leaching  (that  with 
calcium  hyposulphite)  which  also  conduce  to  great  economy  of  mate- 
rial and  to  close  extraction  of  silver  in  a  very  marked  degree. 

The  samples  taken  from  the  whole  pile  of  tailings,  after  discharg- 
ing the  large  vat,  assayed  : 

18  milles  =  5.2  ounces  per  ton  of  2000  pounds. 


18      " 

5.3 

19      " 

5.4 

18      " 

5.2 

18      " 

53 

18      " 

5.2 

18      " 

5.3 

17      " 

5 

18      " 

5.2 

19      " 

5.4 

Average,  18      "  5.3 

They  were  twice  weighed  : 


First  weight, 
Deduct,  . 


Second  weight. 
Deduct,  . 


23,395  pounds. 
6,387       "        =  (27.3  per  cent,  moisture). 


17,008 

23,335  pounds. 
5,554 


=  (23.8  per  cent,  moisture). 


17,781 


We  have,  consequently,  17,394  pounds  of  tailings,  assaying  0.018 
per  cent.,  which  gives  a  silver  content  of  3.131  pounds,  and  the 
pure  silver  which  entered  the  vat  being  57.197  pounds,  we  have  a 
loss  of  5.47  per  cent.,  and  this  corresponds  moderately  well  with  the 
4.09  per  cent.,  which  was  shown  by  calculating  the  pure  silver  con- 
tained in  the  precipitate  obtained. 


working  of  silver  ores  by  the  leaching  process.     291 

Discussion. 

Mr.  C.  a.  Stetefeldt,  New  York  :  The  first  thing  we  may  note 
in  this  paper  is  that  an  ore  was  treated  here  containing  33.78  per 
cent,  of  carbonate  of  lime.  It  has  generally  been  assumed  that 
silver  ores,  which  contain  such  a  large  percentage  of  lime,  could  not 
be  successfully  chloridizcd,  and  especially  not  amalgamated,  and  also 
not  successfully  leached.  I  am  inclined  to  believe  that  the  analysis, 
as  given  hero,  docs  not  represent  the  character  of  the  ore  which  was 
treated  on  a  large  scale.  The  carbonate  of  lime  in  roasting  is  partly 
converted  into  sulphate  of  lime  and  partly  into  caustic  lime,  and 
caustic  lime  has  a  tendency  to  decompose  chloride  of  silver  and  form 
metallic  silver.  Caustic  lime,  as  well  as  other  alkalies,  has  an  inju- 
rious eifect  in  leaching  and  in  amalgamation. 

I  further  remark  that  this  analysis  figures  up  exactly  one  hundred, 
and  the  silver  is  left  out  entirely.  This  is  characteristic  of  Professor 
Price's  analytical  work  (of  which  I  had  occasion  frequently  to  see 
samples\  that  it  always  figures  up  exactly  one  hundred.  And  I  sup- 
pose it  is  necessary  in  the  West,  because  people  would  not  be  satis- 
fied if  the  total  per  cent,  was  not  exactly  one  hundred. 

In  making  a  chlorination  test  of  the  samples,  I  see  that  Mr. 
Clemes  uses  a  boiling  concentrated  solution  of  hyposulphite  of  soda. 
These  chlorination  tests  are  generally  made  with  a  cold  solution, 
or  at  least  with  a  moderately  warm  solution.  It  is  also  generally 
assumed  that,  in  subjecting  a  sample  of  roasted  ore  to  a  chlorina- 
tion test,  only  the  chloride  of  silver  is  dissolved.  This  is  not  ex- 
actly true;  especially,  if  a  warm  solution  of  sodium  hyposulphite  is 
used,  a  great  deal  of  silver  is  dissolved  which  is  present  in  the  metal- 
lic state.  Mr.  Russell,  assayer  at  the  Ontario  mill  for  some  time 
past,  has  investigated  a  great  many  chemical  reactions  of  the  leach- 
ing process,  and  has  made  especial  experiments  in  regard  to  the  solu- 
bility of  different  silver  compounds  in  the  hyposulphite  solution. 
He  finds  that,  while  a  cold  solution — say  a  solution  at  15°  Celsius — 
dissolves  a  comparatively  small  amount  of  metallic  silver,  a  solution 
which  is  heated  to  75  or  50  degrees  dissolves  more  than  three  times 
as  much ;  so  that,  where  we  use  a  hot  solution  in  the  chlorination 
test,  we  not  only  get  into  solution  the  chloride  of  silver,  but  also 
metallic  silver.  And,  furthermore,  Mr.  Russell  found  that  also 
silver  arsenate  and  antimonate  are  soluble  in  the  hyposulphite  solu- 
tion, showing  that  really  in  all  these  tests  it  is  not  correct  to  speak 
of  a  chlorination  test,  but  that  it  ought  to  be  called  a  lixiviation  test. 


292        WORKING    OF   SILVER    ORES    BY   THE    LEACHING   PROCESS. 

I  have  no  doubt  that,  in  roasting  this  ore,  a  great  deal  of  metallic 
silver  was  really  formed  by  the  lime  and  went  into  solution  in  the 
leaching  process.  But,  at  the  same  time,  I  repeat  that  it  seems  to 
me  doubtful  that  these  results  could  have  been  obtained  if  the  whole 
lot  of  ore  treated  contained  over  thirty-three  per  cent,  of  carbonate 
of  lime. 

Dr.  T.  Egleston,  New  York  :  I  have  read  this  paper  with  some 
interest,  mostly  because  at  present  leaching  appears  to  be  the  only 
process  applicable  in  the  case  of  poor  ores,  especially  those  contain- 
ing the  base  metals.  So  far  as  my  own  personal  experience  goes, 
these  conditions  are  applicable  to  almost  any  low-grade  ore,  unless 
it  contains  a  very  large  amount  of  lead,  and  so  applicable  to  a  large 
class  of  ores  that  cannot  be  treated  in  any  other  way. 

I  wish  particularly  to  speak  of  the  great  tendency  there  is  in  the 
West  to  use  too  much  salt.  Too  much  salt,  or  more  salt  than  is 
required,  is  a  disadvantage.  First,  because  its  use  increases  the 
cost;  and,  secondly,  it  is  a  positive  disadvantage  in  the  lixiviation. 
A  very  ingenious  process  has  been  invented  by  Mr.  Hoffmann,  of 
washing  with  the  hot  water  from  the  under  side.  By  thus  intro- 
ducing the  hot  water  from  the  bottom,  all  the  excess  of  salt  is  carried 
up,  dissolving  the  silver  as  it  goes.  Then  coming  in  contact  with  a 
great  excess  of  water,  the  silver  is  precipitated  on  the  top,  and  is  left 
there  as  a  crust,  which  contains  almost  all  the  silver  which  was 
dissolved. 

I  notice,  in  this  paper  that  the  leaching  was  done  from  the  top, 
and  consequently  all  the  extra  salt  went  to  dissolve  out  the  silver, 
which  must  be  precipitated  from  the  leaching  liquors.  The  bottom- 
washing  is  a  very  ingenious  contrivance  to  prevent  this,  to  which 
special  attention  needs  to  be  called.  Where  an  excess  of  salt  is  used, 
and  the  leaching  is  not  done  from  the  bottom,  and  the  washing-water 
comes  down  through  the  ore,  a  considerable  quantity  of  silver  is 
found  with  the  base  metals  precipitated.  Where  it  is  done  from  the 
bottom  the  silver  is  precipitated  towards  the  top  of  the  vat.  A  bul- 
lion which  is  comparatively  pure  is  produced,  as  well  as  base  metals 
from  pure  silver. 

I  would  like  to  ask  Mr.  Stetefeldt  with  regard  to  the  results  from 
his  chloridizing  furnaces.  My  own  experience  is  with  revolving 
furnaces  that  are  eight  feet  long. 

Mr.  Stetefeldt:  The  experiments  which  have  been  carried  out 
lately  by  Mr.  Russell,  at  the  Ontario  mill,  give  on  an  average  from 
93  to  94  per  cent,  of  the  silver  extracted  by  lixiviation  with  E.us- 
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sell's  solution,  while  the  avertig:e  by  the  ordinary  hyposulphite  solu- 
tion is  onlv  about  90  to  91  per  cent.  Some  very  curious  experiments 
have  been  luailo  in  roasting  Ontario  ore  in  the  Stetefoldt  furnace  with- 
out any  salt.  The  feeding  of  salt,  which  is  crushed  separately,  was 
completelv  suspended,  and  the  furnace  was  run  for  three  hours  with- 
out salt.  At'ter  discharging  the  ore  it  was  left  hot  for  twelve  hours 
on  the  cooling-floor.  About  89.7  per  cent,  of  the  silver  was  lixiv- 
iated from  this  ore  by  Rnssell's  process, — a  part  of  whicii,  namely, 
17  jx?r  cent.,  was  present  as  sulphate  of  silver,  which  would  be  ex- 
tracted by  water.  Then  about  four  or  five  per  cent,  was  present  as 
native  silver,  and  the  rest  as  antimonate  and  arsenate  of  silver.  From 
fahl-ore,  which  forms  the  principal  silver-bearing  mineral  of  the  On- 
tario ore,  and  contains  both  antimony  and  arsenic,  the  last-named 
combination  resulted.  The  way  that  this  experiment  on  a  large  scale 
came  to  be  made  was  this  :  I  asked  Mr.  Russell  to  roast  different  ores 
in  the  mufile  (oxidizing),  and  then  try  the  effect  of  his  new  solution. 
About  the  composition  of  the  latter  I  can  say  nothing  here,  because 
Mr.  Russell's  patents  have  not  yet  been  granted.  He  took  samples 
from  the  Ontario  mine,  from  the  Manhattan  mines,  from  the  Lex- 
ington mine,  and  from  several  others,  and  roasted  about  a  pound  of 
each  in  the  muffle.  The  roasting  was  continued  for  half  an  hour, 
one  hour,  one  hour  and  a  half,  two  hours,  two  hours  and  a  half,  and 
three  hours.  A  most  remarkable  fact  was  established  in  leaching 
these  roasted  samples,  namely,  the  longer  the  roasting  continued  the 
less  silver  could  be  leached  out.  For  instance,  after  half  an  hour 
he  leached  out  thirty-one  per  cent.,  and  after  three  hours  he  leached 
out  only  eight  per  cent.  In  another  case,  after  half  an  hour  he 
leached  out  sixty  per  cent.,  and  after  three  hours  only  about  five. 

It  appeared,  from  these  tests,  that  the  results  were  principally  a 
function  of  time  consumed  in  roasting.  Hence  the  experiment  on  a 
large  scale  in  the  Stetefeldt  furnace  was  carried  out. 

Mr.  Russell  made  this  experiment  in  the  Stetefeldt  furnace  at  a 
very  high  temperature,  and  I  have  advised  him  to  repeat  it  at  a 
moderate  temperature.  The  muffle-experiments  were  also  carried 
out  in  two  ways,  one  series  of  experiments  at  a  low  red  heat,  and 
another  at  a  cherry-red  heat ;  and  in  every  instance  the  high  tempera- 
ture had  an  injurious  effect  upon  the  extraction  of  the  silver,  and  a 
low  temperature  had  a  beneficial  effect.  I  have  no  doubt  that,  by 
roasting  at  a  moderate  temperature,  he  will  be  able  to  extract  93  or 
94  per  cent,  of  the  silver. 

Dr.  Egleston  :  There  is  another  very  curious  thing  about  roast- 
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ing  with  salt.  In  most  ores  the  less  salt  that  is  used  the  bettei*. 
There  is  a  great  gain  in  using  a  minimum  amount  of  salt,  and  then 
leaving  the  material  on  the  cooling-floor,  as  it  has  been  found  that 
chlorination  continues  in  the  heap  long  after  it  has  left  the  furnace. 

Mr.  H.  M.  Howe,  Boston  :  In  oxidizing,  as  well  as  in  chloridiz- 
ing,  roasting  the  decomposition  of  sulphurets  goes  on  after  they  have 
been  withdrawn  from  the  furnace;  and  if  they  are  heaped  together, 
so  as  to  keep  hot,  we  find  that  after  the  lapse  of  a  few  hours  the 
amount  of  undecomposed  sulphurets  has  materially  decreased.  This 
is,  no  doubt,  due  to  the  reaction  of  sulphates,  and  even  of  oxides, 
upon  the  sulphur  of  the  undecomposed  sulphurets  yielding  sulphur- 
ous acid  and  a  low  oxide  of  the  metal;  the  sulphuric  acid  and  the 
previously  formed  oxides,  which  thus  react  on  the  sulphurets,  being 
reduced  to  a  lower  state  of  oxidation. 

In  some  oxidizing  roasts  in  an  open  reverberatory,  on  previously 
kiln-burnt  Spanish  pyrites,  I  found  that  the  amount  of  copper  ex- 
isting as  undecomposed  sulphuret  was  diminished  by  0.7  per  cent, 
while  the  ore  was  cooling  in  a  heap  outside  of  the  furnace,  the 
total  copper  contents  being  only  about  eight  per  cent.  On  this  ac- 
count it  is  very  desirable  to  have  pockets  under  or  beside  the  fur- 
nace, where  the  ore  can  be  kept  hot  for  a  long  time  after  drawing. 

Mr.  Stetefeldt:  As  far  as  the  use  of  salt  is  concerned,  that  is 
exceedingly  different  with  different  classes  of  ores.  I  have  succeeded 
in  roasting  ore  with  about  two  and  a  half  per  cent,  of  salt,  but  with 
most  ores  such  a  low  percentage  is  entirely  insufficient.  For  in- 
stance, we  have  carried  out  a  series  of  experiments  at  Ontario  to 
determine  the  percentage  of  salt  necessary.  Five  per  cent,  of  salt 
has  no  effect  whatsoever.  It  is  simply  consumed  without  chloridiz- 
ing  the  silver.  Good  chlorination  only  commences  with  ten  per  cent, 
of  salt,  and  chlorinations  in  the  nineties  cannot  be  obtained  with 
less  than  sixteen  per  cent,  and  more.  Since  at  the  Ontario  mill  salt 
costs  only  eight  dollars  per  ton,  one  per  cent,  of  salt  forms  no  item, 
and  it  has  been  found  of  advantage  to  use  a  surplus  of  salt. 

Dr.  Egleston  :  I  believe  that  in  most  cases,  if  the  salt  was  re- 
duced 50  per  cent.,  there  would  be  a  gain  of  15  to  20  per  cent,  in 
the  chlorination. 

Mr.  Stetefeldt:  As  far  as  the  loss  of  silver  is  concerned  in  the 
leaching  process,  caused  by  the  wash- water,  that  loss  will  vary  accord- 
ing to  the  quantity  of  undecomposed  salt  in  the  ore,  and  whether 
hot  or  cold  water  is  used.  In  Russell's  experiments  with  Ontario 
ore,  about  three-tenths  of  one  ounce  of  silver  per  ton  of  ore  was  lost 
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in  the  wash-water.  A  hirge  portion  of  this  silver  was  regained  by 
treating  the  first  wasii-water,  containing  also  copper,  with  scrap- 
iron.  Cement-copper  was  precipitated  with  about  200  ounces  of 
silver  per  ton. 

Dr.  Egleston  :  Leaching  from  the  bottom  ? 

Mii.  Stetefeldt  :  From  the  top. 


THE  DETEBMINATION  OF  MANGANESE  IN  SPIEGEL. 

BY  G.    C.    STONE,   NEWAKK,   N.   J. 

At  the  conclusion  of  my  paper  on  the  same  subject  read  at  the 
Boston  meeting  of  the  Institute,  I  offered  to  send  some  of  sample  No. 
2  to  any  chemist  who  wished  to  analyze  it.  Eight  chemists  wrote 
to  me  for  samples;  so  far  I  have  received  results  from  live.  I  give 
these  results  in  a  table  (on  the  following  page),  together  with  the 
results  previously  obtained : 

As  to  the  chemists  and  their  methods  :  K  is  an  iron-works  chemist 
whom  I  only  know  by  correspondence ;  he  writes:  "No.  27(13.64) 
was  obtained  by  the  method  I  generally  use,  as  follows  :  Dissolve  0.8 
grams  spiegel  in  hydrochloric  acid  and  a  little  potassium  chlorate,  in  a 
half-liter  flask.  Boil  off  most  of  the  acid,  add  ammonia  in  slight 
excess,  redissolve  in  acetic  acid,  using  rather  more  than  is  really 
necessary,  and  then  add  8  or  10  grams  of  sodium  acetate  and  make  up 
to  the  mark  with  warm  water.  Boil  hard  for  fifteen  minutes,  then 
allow  to  settle  (cool?),  until  the  liquid  reaches  the  mark,  and  with- 
draw 300  c.c.  of  the  nearly  clear  liquid.  Add  to  this  an  excess  of 
hydrochloric  acid,  evaporate  to  dryness,  take  up  with  hydrochloric 
acid  and  water,  and  separate  the  iron  by  two  precipitations  with  am- 
monia (I  have  often  tested  the  ferric  hydrate  for  manganese,  but  have 
never  found  any,  if  the  separation  by  ammonia  was  properly  made). 
Finally,  precipitate  the  manganese  as  phosphate."  Nos.  28,  29  (13.35, 
13.07)  were  by  Ford's  method.*  No.  30  (13.50)  was  by  Troilus's 
method. t  He  writes,  "  I  may  add  the  results  are  quite  as  good  as  I 
expected,  although  for  any  element  except  manganese,  they  are  not 
close  enouj^h  for  anvthinff  like  accurate  work." 

L  h  a.  firm  of  commercial  chemists  of  large  experience  who  have 
made  a  specialty  of  iron  work.    Their  method  is  as  follows  :  Dissolve 

*  Transactions,  American  Institute  of  Mining  Engineers,  vol.  ix,  p.  397. 
t  lb.,  vol.  X,  p.  173. 
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TABLE  I. 

Sample  No.  2. 


Chemist, 

No. 

A 

1 

A 

2 

B 

3 

B 

4 

B 

5 

B 

6 

B 

7 

B 

8 

C 

9 

C 

10 

D 

11 

D 

12 

E 

13 

F 

14 

G 

15 

H 

16 

H 

17 

II 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Manganese 
found. 


Method  used. 


K 

27 

13.64 

K 

28 

13.35 

K 

29 

13.07 

K 

30 

13.50 

L 

31 

13.13 

L 

32 

13.17 

M 

33 

13.70 

M 

34 

14,00 

N 

35 

13.66 

N 

36 

14.20 

N 

37 

13.65 

N 

38 

13.68 

N 

39 

13.84 

N 

40 

10.76 

N 

41 

10.82 

N 

42 

10.82 

0 

43 

12.97 

0 

44 

12.93 

0 

45 

13.18 

0 

46 

13.21 

12.92  \ 

12.96  i 

13.38  1 

13.-14/ 

13.53  \ 

13.68/ 

13.50  1 

13.58  / 

13.52  ) 

13.68  / 

14.18 

14.56 

13.46 

14.41 

14.47 

12.60) 

12.72/ 

12.86 

12.20  \ 

12.44/ 

12.921 

13.05  / 

12.81 

12,91 

10.36 

12.95 


Acetate,  bromine,  and  phosphate. 

11  a  C(  n 

Acetate  and  phosphate. 

Potassium  chlorate  and  phosphate. 

Potassium  chlorate  and  oxalic  acid. 
Acetate,  bromine,  and  carbonate. 

11  li  a  It    ,s. 

"  "  "     phosphate  (average) 

"  "  "     ammonia. 

Acetate  and  bromine,  and  carbonate. 

Potassium  chlorate  and  oxalic  acid. 


Same  method,  zinc  added. 

"  "         lime  adtied. 

"  "         alumina  added. 

Potassium  chlorate  and  oxalic  acid. 


NEW  RESULTS. 

Acetate  and  phosphate. 

Potassium  chlorate  and  phosphate. 

Acetate,  bromine,  and  ammonia. 

Barium  carbonate,  potassium  permanganate. 

Potass,  chlorate,  acetate,  bromine,  carbonate. 

(<  K  U  U  U 

Acetate,  bromine,  and  phosphate. 
Potassium  chlorate  and  pliosphate. 

Potassium  chlorate  and  oxalic  acid. 

Acetate,  bromine,  and  phosphate. 
Potassium  chlorate  and  phosphate. 
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0.5  grams  spiosrel  in  10  c.o.  nitric  acid  (1.20  specific  gravity),  by 
hoatinir:  cool,  dilute,  and  precipitate  the  iron  by  barium  carbonate, 
add  a  considerable  excess  of  barium  carbonate  (to  help  the  precipi- 
tated MnO.,  settle),  titrate  with  potassium  permanganate,  which  has 
been  standardized  by  oxalic  acid;  1  c.c.  of  the  permanganate  used 
containeil  0.00199  grams  manganese.  They  also  analyzed  separately 
portions  of  the  sample  sent  thera  which  would  and  would  not  go 
throuii'h  vcrv  tine  bolting  cloth  with  the  following  results: 


Xo.  1.  14.05  per  cent.  Mn. 
"     2.  14.05     "      "       " 
"     3.  14.205  "      "      " 
"     4.  13.134  "      "      " 


No.  5.  12.418  per  cent.  Mn. 
"     6.  13.134    "       "       " 
"    7.  13.174    "      "       " 


Xos.  1,  2,  and  3  passed  through  the  bolting  cloth  ;  No.  5  would 
not  go  through;  No.  4  was  "  0.25  grams  coarse,  0.25  grams  fine;" 
and  Nos.  .6  and  7  were  just  as  the  sample  was  received.  They  write, 
"  These  results  we  think  will  explain  the  discrepancies  in  the  results 
you  have  obtained  from  other  chemists."  This  is  a  conclusion  in  which 
I  cannot  fullv  asree,  for  the  following;  reason  :  the  results  are  what  I 
should  have  expected,  as  the  low  grade  spiegels  are  always  harder 
and  more  difficult  to  pulverize  than  the  high  grades,  and  it  is  im- 
possible to  get  a  sample,  even  from  a  single  casting,  in  which  the 
coarse  and  fine  parts  are  of  the  same  composition.  Knowing  this,  I 
had  the  entire  sample  sifted  through  a  forty-mesh  seive  before  divid- 
ing it,  and  took  great  care  to  give  each  chemist  a  fair  proportion  of 
coarse  and  fine ;  and  it  will  be  seen  that  the  low  results  are  mostly 
by  one  method,  the  medium  by  another,  and  the  high  by  a  third,  so 
that  I  hardly  think  L's  results  will  explain  anomalies. 

M  is  an  iron-works  chemist;  his  method  is  as  follows :  Precipitate 
the  manganese  by  potassium  chlorate  from  a  concentrated  nitric  acid 
solution,  di.ssolve  in  hydrochloric  acid,  separate  all  iron  as  basic 
acetate  twice,  then  precipitate  the  manganese  by  bromine,  dissolve, 
precipitate  by  sodium  carbonate,  and  weigh  as  Mn304.  He  writes, 
"  I  have  not  my  note-book  at  hand,"  so  cannot  be  positive  as  to  the 
results. 

N  is  an  iron-works  chemist  of  several  years'  experience  ;  he  writes, 
"Results  Xos.  35,  36  (13.6G,  14.20)  were  obtained  by  precipitating 
with  .sodium  phosphate  after  making  two  basic-acetate  separations 
in  the  old  way ;  I  am  not  satisfied  with  them.  Results  Nos.  37, 
38,  39  (13.65,  13.68,  13.84)  were  obtained  by  the  method  I 
generally  use,  as  follows  :  The  spiegel  was  dissolved  in  concentrated 


298         THE    DETERMINATION    OF    MANGANESE    IN   SPIEGEL. 

nitric  acid,  and  the  manganese  thrown  down  with  potassium 
chlorate.  After  washing,  tested  filtrate  for  manganese,  and  found 
none.  Then  washed  the  asbestos  into  a  beaker,  and  added  dilute 
hydrochloric  acid  and  a  few  drops  of  sulphurous  acid,  and  the  man- 
ganese went  into  solution  at  once.  Boiled  off  the  sulphurous  acid, 
filtered  out  asbestos,  added  a  few  drops  of  nitric  acid,  boiled  and  added 
a  large  excess  of  ammonium  chloride  and  ammonia,  heated  a  few 
minutes,  filtered,  dissolved  the  precipitate  and  repeated  the  operation. 
In  the  combined  filtrates  the  manganese  was  precipitated  as  phosphate 
as  usual.  Kesults  Nos.  40,  41,  42  (10.76,  10.82,  10.82)  were  by 
Williams's  method,  and  I  can  only  say  that  I  worked  it  as  carefully 
as  I  could,  and  took  every  precaution,  with  but  little  success,  as  the 
results  show." 

0  is  an  iron-works  chemist ;  his  results,  Nos.  43,  44  (12.97, 12.93), 
were  obtained  by  dissolving  in  nitric  and  hydrochloric  acids,  evapo- 
rating to  dryness,  redissolving  and  filtering  out  the  silica,  precipi- 
tating as  basic  acetate  twice,  using  a  large  excess  of  acetic  acid,  then  by 
bromine,  dissolving  the  precipitate  in  hydrochloric  acid,  and  sepa- 
rating the  small  amount  .of  iron  present  by  precipitating  with  am- 
monia and  sodium  acetate  twice  (the  precipitate  was  tested  for  man- 
ganese but  contained  none) ;  finally  the  manganese  was  precipitated 
and  weighed  as  phosphate.  Results  Nos.  45,  46  (13.18,  13.21)  were 
by  Ford's  method,  precipitating  in  75  c.c.  by  repeated  additions  of 
nitric  acid  and  potassium  chlorate,  diluting  with  cold  strong  nitric 
and  cooling  before  filtering. 

In  all,  there  are  forty-six  determinations  by  fifteen  chemists  using 
ten  methods;  these  methods  may  be  divided  into  four  classes,  i.e. 
1st.  Williams's  method.  2d.  Other  volumetric  methods.  3d.  Meth- 
ods in  which  the  manganese  is  precipitated  and  weighed  as  phosplmte. 
4th.  Methods  in  which  the  manganese  is  precipitated  as  basic  car- 
bonate or  hydrate  in  presence  of  large  quantities  of  alkaline  salts 
and  weighed  as  Mn30^.  The  results  may  be  divided  into,  1st,  those 
below  13  per  cent. ;  2d,  those  between  13  and' 14  per  cent. ;  and,  3d, 
those  above  14  per  cent.  If  we  so  divide  them,  omitting  Nos.  23, 
24,  25  for  obvious  reasons,  and  arrange  them,  we  will  get  the  follow- 
ing table : 
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TABLE  II. 


First  class. 

Williams's 

void  metric 

method. 

Second  class. 
Other  volu- 
metric 
methods. 

Thiixl  class. 
Methods  ill 
which  the 
maiisrniiese 
is  weijrhed 
as  phos- 
phate. 

Fourth  cla.ss. 
Methods  in 
which  the 
maiifraiiesc 
is  precipita- 
ted as  a  hasic 
salt. 

All  mcthod.s. 

Nnniber  of  Clieraists 
using  method,     .     .  ^           4 

1 

2 

6 

5 

15 

No.     of    determina-  1 
tions  below  13  p.  ct.           10 

No.     of    determina- 
tions    between     13  , 
and  14  p.  ct.,      .     .             1 

No.     of    determina- 
tions above  14  p.  ct.        ... 

0 
4 

4 

16 

1 

2 
5 

14 

23 
6 

Per  cent,  below  13,  .           91 

Per  cent,  between  13 
and  14,       ...     .             9 

Per  cent,  above  14,  .  ;      ... 

1 

100 

19 

76 
5 

29 
71 

33 

53 
14 

Highest,      .     .     .     .  j       13.05 
Lowest 10.76 

Average,     ....         12.19 

13.68 
13.13 
13.37 

14.20 
12.92 
13.42 

14.50 
13.50 
14.12 

14.56 
10.76 
13.21 

From  this  we  see  that  71  per  cent,  of  the  results  below  13  per 
cent,  were  by  methods  of  the  1st  class,  87  per  cent,  of  those  between 
13  and  14  per  cent,  were  by  methods  of  the  2d  and  3d  classes,  and 
83  per  cent,  of  those  above  14  per  cent,  were  by  the  4th  class.  Some 
of  the  results  must  necessarily  be  wrong,  and  I  think  the  above  table 
will  enable  any  one  interested  to  form  an  opinion  as  to  which  results 
are  probably  wrong  and  to  judge  of  the  value  of  the  different  methods 
used. 

A  word  as  to  the  volumetric  method  used  by  C  and  myself.  In 
my  former  paper  1  stated  that,  as  the  result  of  experiments  there 
given,  it  was  my  opinion  that  when  manganese  was  precii)itated  by 
potassium  chlorate  from  a  solution  of  spiegel  in  strong  nitric  acid, 
the  manganese  was  not  precipitated  as  pure  MnO^,  but  as  a  lower 
oxide,  approximating  10MnO2,MuO  in  composition.     In  a  paper 
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read  by  Mr.  Mackintosh  at  the  Roanoke  meeting,  he  attacks  this 
conclusion,  and  gives  some  experiments  which  tend  to  show  that  the 
precipitate  in  question  is  pure  MnO.^,  and  ends  by  saying:  "  .  .  that 
any  estimation  based  upon  the  theory  that  the  precipitate  is  not 
MnOj  is  of  no  value,  because  it  is  founded  on  false  premises,  and 
therefore  can  never  be  true,  save  by  accident."  Without  questioning 
the  correctness  of  Mr.  Mackintosh's  methods  of  arriving  at  this  result 
(although  I  think  there  are  reasonable  objections  to  them),  I  "would 
point  out  that  this  does  not  affect  the  method  in  the  least,  as  it  is  not 
founded  on  any  such  theory.  The  only  points  assumed  are,  that  the 
precipitate  is  of  constant  composition,  to  this  all  who  have  tried  it 
agree ;  and  that,  when  two  or  more  chemists,  working  independently 
and  by  different  methods  on  the  same  sample,  get  results  which 
agree  within  very  narrow  limits,  these  results  are  accurate. 

That  these  assumptions  are  reasonably  correct  I  think  is  shown 
by  the  fact  that  we  have  never  had  a  complaint  of  the  quality  of  our 
Spiegel  since  we  have  analyzed  it  by  this  method.  We  have  analyzed 
in  all  over  one  thousand  samples,  most  of  the  spiegel  has  been  sent 
to  our  two  most  particular  customers,  one  of  whom  will  complain  if 
he  finds  the  spiegel  more  than  one-half  of  one  per  cent,  lower  than 
we  have  stated  it  to  be. 

Discussion. 

J.  B.  Mackintosh,  New  York:  On  reviewing  the  series  of  deter- 
minations presented  in  the  paper  before  us,  it  seems  to  me  that  the 
most  natural  method  of  classifying  the  results  is  to  group  them, 
according  to  the  percentage  obtained,  in  the  following  divisions : 
1st,  those  approximating  13.5  per  cent.;  2d,  those  approximating 
13  per  cent. ;  3d,  those  results  with  which  the  analysts  were  not 
satisfied,  including  two  results  which  are  obviously  too  high. 

Before  grouping  them  thus  I  wish  to  make  some  remarks  con- 
cerning the  results  obtained  by  "I"  {i.  e.,  myself).  Experiments 
19  and  20  were  made  in  a  great  hurry,  at  the  request  of  "H," 
from  whom  the  sample  was  received,  and  to  whom  the  reports 
were  made.  Not  being  satisfied  with  the  results  obtained,  the 
analyses  were  repeated  (Nos.  21  and  22)  the  next  day,  under 
usual  circumstances  of  time  and  care.  The  sample  in  19  and  20 
was  probably  at  fault.  Experiments  23  and  24,  in  which  chlo- 
rides of  zinc  and  calcium  were  added,  were  perfectly  normal,  and 
the  results  are  considered  of  equal  value  with  21  and  22.  Experi- 
ment 25,  in  which  alumina,  in  the  form  of  potash  alum,  was  added. 
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ilid  not  go  well,  owiiii;  to  the  formation  of  a  precipitate  of  ferric  or 
aluminie  sulphate,  which  interfered  with  the  process.  The  analysis 
w:is  only  finished  out  of  curiosity,  and  the  result  (never  intended  for 
publiration)  showed  nothing,  save  that  potash  alum  interferes  with 
the  pix>cess. 

In  regard  to  results  9  and  10,  obtained  by  C,  it  also  appears  to 
me,  that,  since  their  accuracy  depends  on  the  accuracy  of  the  gravi- 
metric methods  which  are  here  involved,  they  should  not  be  consid^ 
eretl  in  any  discussion  regarding  the  relative  merits  of  such  methods. 

Taking  these  points  into  consideration,  and  classifying  as  above 
f:niiire*tcd,  we  will  have: 

I.    . 

Method. 
Acetate,  bromine,  phosphate. 

Acetate,  phosphate. 

Clilorate,  phosphate. 

Acetate,  bromine,  phosphate. 
Acetate,  phosphate. 

Chlorate,  phosphate. 
Acetate,  bromine,  ammonia. 

Chlorate,  phosphate. 


II. 

Method. 

Acetate,  bromine,  phosphate. 
Chlorate,  oxalic  acid,  permanganate. 

Chlorate,  oxalic  acid,  permanganate. 

Chlorate,  oxalic  acid,  permanganate. 
Barium  carbonate,  permanganate. 

Acetate,  bromine,  phosphate. 

Chlorate,  phosphate. 

Average  of  gravimetric  results, 13.03 

Average  of  volumetric  results, 12.91 

General  average, 12.956 


Chemisi. 

No. 

Pr.  ct. 

Av.  pr.  ct. 

B 
B 

3 
4 

13.3S 
13.44 

13.41 

B 
B 

5 
6 

13.53 
13.GS. 

13.60 

B 
B 

7 
S 

13.50 
13.5S  . 

13.54 

E 

13 

13.46 

13.46 

K 

27 

13.64 

13.64 

K 
K 

2S 
29 

13.35 
13.07.' 

13.21 

K 

30 

13.50 

13.50 

y 

37 

13.65^ 

N 

38 

13.68  I 

13.72 

N 

39 
iveragej 

13.84) 

Gen'l  ! 

,  13.52 

Chemist. 

No. 

Pr.  ct.     . 

kv.  pr.  ct. 

A 
A 

1 
2 

12.92 
12.96.' 

12.94 

H 

16 

12.60] 

H 

17 

12.72  I 

12.73 

11 

18 

12.86) 

21 

12.92 

22 
23 

13.05 
12.81 
12.91 

12.92 

24 

J 

26 

12.95 

12.95 

L 
L 

31 
32 

13.13) 
13.17] 

13.15 

0 
0 

43 
44 

12,97 
12.93  ' 

12.95 

0 
0 

45 
46 

13.18) 
13.21  1 

13.19 
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III. 

Chemist. 

No. 

Pr.  ct. 

Av.  pr.  ct. 

Method. 

D 
D 

11 

12 

14.18) 
14.56  j 

14.37 

Acetate,  bromine,  carbonate. 

F 

14 

14.41 

14.41 

Acetate,  bromine,  ammonia. 

G 

15 

14.47 

14.47 

Acetate,  bromine,  carbonate. 

I 
I 

19 
20 

12.20 
12.44  ' 

12.32 

Chlorate,  oxalic  acid,  permanganate. 

I 

25 

10.36 

Addition  of  potash  alum. 

M 
M 

33 
34 

13.70) 
14.00] 

13.85 

Chlorate,  acetate,  bromine,  carbonate. 

N 
N 

35 
36 

13.66) 
14.20  J 

13.93 

Acetate,  bromine,  phosphate. 

N 

40 

10761 

N 

41 

10.82  I 

10.80 

Chlorate,  oxalic  acid,  permanganate. 

N 

42 

10.82  j 

Now  we  may  dismiss  the  third  chiss  of  results  from  further  con- 
sideration, for,  if  the  chemists  who  obtained  them  are  of  the  opinion 
that  they  are  not  trustworthy,  we  can  attach  little  or  no  importance 
to  them  in  an  argument. 

In  the  first  class  we  have  four  chemists,  using  four  methods,  all 
gravimetric,  and  all  but  one  being  alike  in  the  final  precipitation  as 
phosphate.  There  are  fourteen  determinations,  and  of  these  only 
three  are  within  a  variation  of  0.05  per  cent,  from  the  average,  and 
six  within  a  variation  of  0.10  per  cent. 

In  the  second  class  we  have  six  chemists  using  four  methods,  two 
gravimetric  and  two  volumetric.  There  are  sixteen  determinations, 
and  of  these  seven  are  within  a  variation  of  0.05  per  cent,  from  the 
average,  and  nine  within  a  variation  of  0.10  per  cent. 

Chemists  A  and  O,  working  by  a  method  calculated  to  eliminate 
all  errors,  have  obtained  results  averaging  12.94  and  12.95,  respect- 
ively. Now,  if  we  had  no  other  results,  these  would  be  accepted, 
unhesitatingly,  as  the  correct  percentage.  These  figures  are  closely 
confirmed  by  the  volumetric  results  of  I  and  J.  No  other  method 
furnishes  us  with  results  so  nearly  identical  as  the.se. 

These  figures  show  a  slight  but  decided  preponderance  in  favor 
of  the  results  averaging  12.95,  for  there  is  a  majority  of  chemists,  a 
majority  of  determinations,  a  greater  number  of  close  agreements, 
and  a  greater  diversity  in  the  methods  employed,  all  of  these  points 
being  on  the  side  of  the  second  class  of  results. 

If  it  is  correct  to  assume,  "  when  two  or  more  chemists,  work- 
ing independently,  and  by  diiferent  methods,  on  the  same  sample,  get 
results  which  agree  within  very  narrow  limits,  that  these  results 
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are  accurate,"  then  it  follows  that  the  results  avera2:ing  12,95  per 
cent,  are  accurate,  from  the  reasons  given  above,  and  necessarily, 
that  the  other  results  are  inaccurate. 

Mr.  a.  E.  Hunt,  Pittsburgh,  Pa. :  I  have  to  confess  myself  as 
one  of  the  firm  whom  Mr.  Stone  calls  Chemist  "  L."  I  would  like 
to  qualify  one  of  the  statements  that  he  has  quoted  from  us,  viz. : 
"that  these  results,  we  think,  will  explain  the  discrepancies  in  the 
results  that  vtni  have  obtained  from  other  chemisls." 

We  found  that  the  fine  portion  sent  us  contained  over  one  per 
cent,  more  manganese  than  the  coarser  portion,  and  we  believe  that, 
unless  great  care  was  taken  to  get  an  exact  average  of  the  sample 
for  analysis,  a  discrepancy  was  thereby  obtained,  so  that  we 
would  like  to  go  on  record  as  saying  that  "  we  think  these  results 
may  explain  some  of  the  discrepancies." 

!Mr.  Stone  agrees  with  us  that  spiegel  is  not  perfectly  homoge- 
neous, and  that  in  crushing  a  sample  the  finer  material  would  be 
likely  to  be  richer  in  manganese  than  the  coarser.  Any  one  can  see 
from  the  appearance  of  the  fracture  of  spiegel  that  it  is  at  least  de- 
cidedly unhomogeneous  in  structure,  and  it  is  a  fact  that  we  have 
often  demonstrated  by  analysis,  that  these  different  structures  vary 
in  manganese;  and  we  have  found,  also,  that  this  variation  increases 
as  the  alloy  is  richer  in  manganese,  so  that  in  80  per  cent,  ferroman- 
ganese  great  care  has  to  be  taken  in  selecting  the  sample. 

I  would  criticise  the  comparison  of  all  the  results,  as  being  very 
unfortunate  in  that  the  material  was  not  crushed  and  put  through 
a  hundred-mesh  instead  of  through  a  forty-mesh  sieve. 


TUE  COLORIMETRIC  DETEBMINATION  OF  COMBINED 
CARBON  IN  STEEL. 

BY  ALFRED  E.    nUNT,  PITTSBURGH,   PA. 

Profe-ssor  Eggertz  first  published  a  method  based  upon  the 
fact  that,  when  steel  is  dissolved  in  dilute  nitric  acid,  and  heated 
until  the  separated  flocculent  carbonaceous  matter  goes  into  the  solu- 
tion, the  liquid  assumes  a  brown  color  proportionate  in  intensity  to 
the  amount  of  the  combined  carbon  in  the  steel.  This  method  has 
been  so  variously  modified  that  at  present  but  few  chemists  use  ex- 
actly the  same  procedure.     It  is  the  object  of  this  paper  to  present 
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some  of  these  modifications,  and  to  point  out  some  of  the  causes  of 
error  that  are  to  be  guarded  against. 

At  the  outset  the  following  proposition  should  be  borne  in  mind,  for 
it  is  the  golden  rule  of  the  color- carbon  method,  upon  which  hinges 
its  accuracy.  Select  color  standards  which  shall  he  as  nearly  like  the  sam- 
ples to  he  treated  as  possible,  hoth  as  to  chemical  composition  and  mechan- 
ical treatment,  and  treat  the  standards  and  samples  to  he  tested  exactly 
alike  in  worthing.  A  widely  varying  chemical  composition  in  other  ele- 
ments than  carbon  and  iron,  and  the  mechanical  treatment,  as  well  as 
the  varying  modes  of  carrying  on  the  analysis,  all  make  differences  in 
the  intensity  and  shade  of  color  given  by  combined  carbon  in  steel 
to  its  nitric-acid  solution.  Hence,  in  choosing  the  color-standards 
to  be  used,  not  only  must  there  be  an  approximation  in  percentage 
of  combined  carbon  to  the  sample  to  be  tested,  but  also  as  nearly  as 
possible  the  same  general  chemical  composition  and  mechanical  con- 
ditions. This,  and  all  other  statements  relative  to  standards,  holds 
good  equally  where  fixed  standards  of  coloring  materials  are  used, 
for  these  color  solutions  are  simply  matched  shades,  and  represent 
what  the  actual  steel  standards  exhibit,  and,  of  course,  should  vary 
accordingly  as  the  varying  conditions  change  the  shade  of  the  steel 
solutions  to  which  they  correspond. 

The  mechanical  state  of  division  of  the  standard  and  sample  to 
be  treated  must  be  about  the  same.  Drillings  are  much  to  be  pre- 
ferred to  filings  for  color-determination,  not  only  on  account  of  their 
being  less  liable  to  contain  foreign  matter,  but,  being  coarser,  they 
dissolve  more  slowly.  Fine  particles  of  steel,  especially  if  they  are 
rich  in  carbon,  dissolve  so  rapidly  in  dilute  nitric  acid  that  unless 
especial  precautions  are  taken  to  keep  the  solution  cold,  some  of  the 
carbon  is  oxidized  and  is  lost  in  a  gaseous  form. 

The  older — and,  I  think,  the  still  more  generally  taken — weight, 
is  one-tenth  of  a  gram,  although  varying  amounts  up  to  a  gram  are 
used.  I  prefer  to  take  not  over  two-tenths  of  a  gram  for  analysis, 
for  though  errors  as  to  weight  and  homogeneity  are  less  with  the 
greater  weight  taken,  still  the  lesser  amounts  are  much  more  con- 
venient to  work  with.  The  ordinary  analytical  balance  is  generally 
used  for  weighing.  I  weigh  in  an  aluminium  boat,  1^^  inch  in  di- 
ameter, dished  to  J  inch  in  depth,  with  a  convenient  nose  for  convey- 
ing the  drillings  into  test-tubes ;  it  weighs  2  grams.  In  furnace- 
laboratories,  subject  to  the  jarring  of  hammers  and  machinery,  to 
varying  temperatures,  and  to  considerable  dust  and  dirt,  a  steel 
watch-spring  balance  with  aluminium  pan  is  better.    The  weighings 
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sliould  always  be  clieckod,  bv  first  notino;  the  level  on  the  graduated 
sc;\le  to  which  the  aceurate  weight  brings  the  weigiiing  pan  or  pointer, 
and  balancing  each  sample  of  steel  to  this  level.  I  have  found  a 
magnetized  steel  needle,  of  4  inches  length,  very  convenient  for 
handling  the  drillings  while  weighing.  Care  should  be  taken  that 
the  tubes  used  are  dry,  and  that  no  particles  of  steel  remain  sticking 
to  the  upper  walls  of  the  tubes. 

Too  little  acid  gives  too  dark  color;  thus,  if  only  2|  c.  c.  of  acid 
are  used  for  j^  gram  of  0.80  per  cent,  carbon  steel,  the  color  im- 
parted looks  like  a  0.90  per  cent,  carbon  steel  where  4  c.  c.  of  acid 
is  used.  I  use  for  each  ,'^  gram  of  steel  up  to  0.20  per  cent,  carbon 
steel,  2  c.  c.  of  nitric  acid  of  1.20  specific  gravity.  From  0.20  per 
cent,  carbon  up  to  0.50  per  cent,  carbon,  3  c.  c. ;  from  0.50  per  cent, 
carbon  up  to  1.00  per  cent,  carbon,  4  c.  c. ;  from  1.00  per  cent,  car- 
bon up  to  1.75  per  cent,  carbon,  5  c.  c. ;  above  1.75  per  cent,  carbon, 
8  c.  c*  A  variation  in  the  shade,  and  some  little,  too,  in  the  inten- 
sity of  the  color  is  obtained  by  varying  the  way  the  acid  is  brought 
into  contact  with  the  steel.  Some  chemists  prefer  to  pour  the  drillings 
slowly  into  the  nitric  acid  ;  others  to  immerse  the  tubes  or  beakers 
containing  the  drillings  into  cold  water,  and  then  to  pour  the  acid 
gradually  on  to  the  drillings,  and  still  others  pour  the  acid  on  to 
the  drillings  without  taking  any  precautions  as  to  uniformity  of 
speed  or  temperature.  This  is  a  common  source  of  error,  espe- 
cially where  the  carbon  is  high.  I  prefer  to  slowly,  but  steadily, 
pour  the  acid  upon  the  drillings  immersed  in  test  tubes  in  cold  water, 
as  being  the  more  simple  and  uniform  method.  At  the  laboratory 
of  at  least  one  Bessemer  works  they  have  a  very  convenient  appa- 
ratus for  forcing  uniformly  the  weighed  drillings  out  of  little  glass 
cylinders,  by  means  of  little  wooden  pistons,  into  the  beakers  of  acid 
kept  immersed  in  cold  water. 

The  "  C.  P."  nitric  acid  usually  obtained  in  the  market  is  of  about 
1.40  specific  gravity,  and  by  diluting  to  exactly  5ne-half  with  dis- 
tilled water  gives  very  nearly  1.20  specific  gravity  ;  it  is  not  neces- 
sary that  the  specific  gravity  be  exactly  1.20,  providing  that  the 
acid  used  at  one  time  is  of  the  same  strength.  The  usual  cus- 
tom, which  I  think  in  most  cases  is  safe  enough,  is  to  dilute  the 
concentrated  acid  to  one-half  strength,  pouring  the  acid  into  the 
water  and  shaking  vigorously.  The  diluted  acid  should  be  kept  in 
a  dark  glass  bottle  out  of  direct  rays  of  sunlight.     The  nitric  acid 
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must  be  free  from  nitrous  fumes,  organic  matter  and  chlorine.  Only 
ro  nig.  of  chlorine  produces  a  distinct  yellow  color  in  a  solution 
of  yV  gram  of  iron  in  4  c,  c.  of  nitric  acid.  Each  newly  made-up 
lot  of  nitric  acid  should  be  tested  with  silver  nitrate. 

The  solutions  must  not  be  heated  until  all  action  has  ceased  in 
the  cold,  when  the  cold  water  in  which  the  tubes  are  immersed  is 
rapidly  brought  to  boiling  and  boiled  for  fifteen  minutes  for  soft 
steels  under  0.15  per  cent,  carbon,  for  twenty  minutes  if  between 
0.15  per  cent,  carbon  and  0.30  per  cent,  carbon,  for  thirty  minutes 
if  between  0.30  per  cent,  and  0.80  per  cent,  carbon,  for  forty-five 
minutes  if  above  0.80  per  cent,  carbon.  If  the  tubes  are  immersed 
at  once  into  boiling  water,  after  action  has  ceased  in  the  cold,  too 
violent  action  ensues,  which  may  occasion  loss.  Heating  for  too 
long  a  time  causes  the  solutions  to  become  lighter.  The  higher  the 
heat  the  more  rapid  the  operation,  and  the  darker  the  solutions  will 
be  after  cooling  and  diluting.  The  boiling  temperature  is  usually 
maintained,  though  for  special  reasons  other  temperatures  are  often 
used,  the  essential  point  being  to  maintain  always  the  same  temper- 
ature in  all  cases  where  fixed  standards  are  used,  and  to  treat  the 
standard  and  the  steel  under  examination  at  exactly  the  same  tem- 
perature where  steel  standards  are  used.  Sometimes  a  reddish- 
yellow  deposit,  consisting  of  nitric  acid  and  oxide  of  iron,  forms  on 
the  walls  of  the  tubes,  which  makes  the  solutions  turbid;*  in  such 
cases  a  low  temperature  of  about  70°  C.  is  preferable.  The  ceasing 
of  the  evolution  of  the  fine  gas  bubbles  from  the  clear  solution  is  a 
good  indication  of  the  completion  of  the  solution.  The  tubes  should 
be  shaken  several  times  during  the  heating,  and  the  iron  salts  should 
not  be  allowed  to  dry  upon  the  walls  of  the  tubes.  It  is  well  to 
prevent  the  too  rapid  evaporation  of  the  water  in  the  copper  vessel 
by  pouring  some  liquid  paraffine  upon  it,  though  this  makes  the  out- 
side of  the  tubes  disagreeably  sticky.  The  color  solutions  during 
the  entire  operation  must  be  kept  out  of  direct  rays  of  sunlight,  as 
it  rapidly  fades  them.  The  color  fades  much  more  rapidly  after 
dilution  with  water. 

I  have  found  no  difference  in  the  color  solutions  when  they 
are  rapidly  cooled  down  after  heating,  or  are  allowed  to  remain  in 
the  hot  water  and  gradually  cool  with  it.  Wiiere  the  carbons  are 
low,  they  may  be  allowed  to  stand  for  two  or  three  hours  before 
diluting  and  comparing.  Eggertz  says  that  solutions  of  1  per  cent, 
carbon  should  not  be  allowed  to  stand  for  any  length  of  time  before 
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comparij^on,*  as  they  soon  grow  paler,  ami  also  booonie  turbiil  with 
a  precipitation  of  organic  matter;  aUhough  tiiis  can  be  to  a  consid- 
erable extent  avoiiled  by  using  a  larger  quantity,  as  8  c.  c.,  of  acid  in 
the  fii>t  solution  for  each  tenth  gram  taken.  The  1.20  specific 
gravity  nitric  acid  solution  of  color-carbon,  after  it  has  gone  into  so- 
lution, must  be  diluteil  with  at  least  its  bulk  of  water  to  get  rid  of 
the  tint  of  oxide  of  iron.  The  color  sohition,  after  heating  and 
cooling  and  diluting  with  one-third  its  volume  of  water,  can  be  fil- 
teral  Irom  graphite,  etc.,  through  au  ordinary  dry  paper  filter,  with- 
out altering  the  color. 

Tubes  for  comparison  must  be  of  exactly  the  same  internal  bore 
and  thickness  of  glass  walls,  of  colorless  glass,  and,  where  calib- 
rated, the  scale  must  be  corrected  with  an  accurately  calibrated 
burette,  as  errors  are  often  found  of  considerable  importance.  The 
diameters  of  the  calibrated  tubes  for  comparing  vary.  I  prefer  to 
use  tubes  of  not  over  ^  inch  internal  diameter,  for  though  the  body 
of  the  solution  to  be  looked  through  is  rather  small,  still  they  can 
be  read  more  accurately  than  larger  tubes.  The  point  of  reading  is 
another  matter  of  individual  preference.  Some  prefer  to  read  to  the 
upper  border  of  the  fluid,  others  to  different  portions  of  the  meniscus. 
At  least  one  minute  should  be  allowed  for  the  liquid  to  run  down 
the  walls  of  the  tube  before  the  final  reading. 

In  comparing  the  colors,  it  is  usual  to  hold  a  piece  of  thin,  clear 
white  paper  behind  the  tubes.  It  is  natural  to  most  eyes  to  have 
the  left-hand  tube  appear  slightly  the  darkest.  A  good  way  is  to 
match  the  colors  so  that  either  tube,  as  it  is  reversed,  will  appear 
darkest  when  it  is  placed  to  the  left.  This  appearance  can  be  cor- 
rected by  holding  the  tubes  a  little  to  the  right.  I  prefer  to  match 
the  colors  by  holding  the  tubes  inclined  away  from  me  over  a  large 
flat  plate  of  white  porcelain,  at  an  angle  of  about  45°  with  the 
plane  of  the  slab,  when  seated  at  a  table  facing  a  window.  I  also 
use  with  advantage  a  camera-shaped  box,  painted  black  inside,  open 
at  one  end  to  look  into,  and  having  a  frame  hinged  at  the  bottom, 
which  is  covered  with  thin  white  paper  to  form  a  background  for 
the  tubes.  Near  this  end  an  opening  in  the  top  of  the  frame  and  a 
gutter  in  the  bottom  allow  the  tubes  to  be  placed.  This  arrange- 
ment I  have  found  especially  useful  in  the  night-time,  when  I  use  a 
fixed  Bunsen  gas  burner,  in  which  a  bead  of  carbonate  of  soda  on 
a  platinum  wire  gives  a  monochromatic  flame.  It  is  placed  in  such  a 
position  as  to  have  the  rays  reflected,  by  means  of  the  hinged  frame 
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of  paper  at  the  back,  upon  the  tubes.  I  have  been  enabled,  in  this 
way,  to  read  color  carbons  with  much  ease — in  fact,  I  prefer  to  com- 
pare them  by  this  means  than  by  daylight,  as  the  light  is  always 
under  control,  and  no  outside  rays  interefere  with  lights  and  shadows. 
I  have  used  this  apparatus  in  making  quick  tests  at  open-hearth 
furnaces. 

Good  work  can  be  done,  and  where  many  samples  are  to  be  tested 
every  day,  as  in  Bessemer  works,  it  is  very  much  more  conve- 
niently and  rapidly  done  by  simply  matching  the  diluted  test  with 
a  rack  of  permanent  standards.  Still,  I  prefer,  in  cases  where  color 
carbon  analyses  are  only  occasionally  made,  to  use  color  standards 
of  steel  with  each  lot  of  samples  to  be  tested,  since  whatever  variation 
in  color  due  to  manipulation  occurs  will  be  borne  by  the  standards 
as  well,  and  the  errors  occasioned  thereby  checked  in  proportion  as 
the  standards  are  near  in  character  to  the  samples  to  be  tested. 

Permanent  standards  of  organic  substances,  as  burnt  coffee,  burnt 
sugar,  anilines  and  the  like,  are  not  satisfactory,  at  least  so  far  as 
I  have  worked  with  them,  but  the  mixture  described  by  Eggertz 
in  his  paper  in  the  Jernkontorets  Annaler,  and  translated  by  Mr. 
Magnus  Troilius,  I  have  found  to  work  very  nicely  and  to  give 
permanent  standards.  I  proceed  as  follows:  Dissolve  and  thor- 
oughly mix  5  grams  of  neutral  ferric  chloride  in  a  mixture  of  50 
c.  c.  of  water  and  IJ  c.  c.  of  concentrated  hydrochloric  acid;  dis- 
solve and  thoroughly  mix  3  grams  of  neutral  cobalt  chloride  in 
50  c.  c.  of  water  and  |  c.  c.  of  hydrochloric  acid;  dissolve  and 
thoroughly  mix  1  gram  of  neutral  copper  chloride  in  20  c.  c.  of 
water  and  J  c.  c.  of  hydrochloric  acid.  Place  in  the  color-tube  a 
suitable  amount  of  the  light-yellow  iron  solution,  and  tone  down 
the  shade  to  the  required  brown  with  some  of  the  cobalt  solution, 
and  give  the  slight  green  tinge  that  is  necessary  by  slight  additions 
of  the  copper  solution.  Of  course,  more  or  less  of  the  cobalt  and 
copper  solutions  will  be  required  according  to  the  particular  shade 
to  be  imitated.  The  solution  can  be  made  more  deeply  yellow  by 
additions  of  hydrochloric  acid  drop  by  drop. 

If  all  the  foregoing  conditions  are  accurately  fulfilled,  the  shade 
and  tints  can  usually  be  well  matched ;  however,  it  is  sometimes 
impracticable  to  make  the  conditions  of  the  sample  and  standard 
alike,  due  to  some  peculiarity  of  the  composition  of  the  steel  or 
its  treatment.  This  is  especially  the  case  with  steels  low  in  carbon; 
where  slight  variations  in  the  conditions  produce  wide  variations  in 
the  shade  of  color  produced.     In  such  cases  a  method  first  described 
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by  Mr.  J.  E.  Stead  before  the  Iron  and  Steel  Institnte  of  Great 
Britain  can  be  advantajxeously  used.  The  scheme  is  as  follows: 
One-half  gram  each  of  the  steels  is  dissolved  in  10  c.  c.  of  1.20  nitric 
acid  in  flat-bottomed  flasks  with  marks  of  60  c,  c.  of  volume  at 
16^  C.  on  the  necks.  Care  is  taken  to  keep  the  flasks  cool  by 
immersion  in  cold  water,  that  the  first  action  is  not  too  violent. 
When  the  action  has  ceasal  in  the  cold,  rapidly  bring  the  water  in 
the  bath  surroundinij  the  flasks  up  to  boiling-,  and  keep  at  this  tem- 
perature from  ten  to  thirty  minutes,  according  to  the  amount  of 
carbon  in  tiie  samples.  Then  dilute  each  sample  with  30  c.  c.  of 
hot  water  and  add  15  c.  c.  of  caustic  soda  solution  of  1.27  specific 
gravity,  and  allow  to  stand  and  cool,  adding  first,  however,  cold 
water  enough  to  bring  the  line  of  the  liquid  nearly  up  to  the  60  c.  c. 
mark  after  contracting  in  cooling.  When  cold,  correct  the  volume 
to  exactly  60  c.  c,  and,  if  necessary,  stir  the  solutions  till  homoge- 
neous. Filter  through  a  dry  filter  into  graduated  tubes,  and  take 
the  first  15  c.  c.  of  the  filtrates  for  comparison.  The  combined  car- 
bon imparts  a  color  about  two  and  a  half  times  stronger  to  the 
caustic  soda  solution  than  it  does  to  the  nitric  acid  solution,  and  the 
colors  match  in  shades  and  intensity  after  solution,  according  to  the 
proportion  of  combined  carbon,  irrespective  of  the  peculiarities  of 
the  steels  themselves.  This  method  gives  very  accurate  results, 
and  the  standards,  when  not  exposed  to  direct  rays  of  sunlight, 
keep  a  long  time.  The  influence  of  chlorine  is  as  fatal  in  this  pro- 
cess as  it  is  in  the  ordinary  method.  By  this  process,  very  low 
percentages  of  carbon  can  be  determined  with  accuracy,  and  the 
standards  need  not  be  as  close  in  composition  to  the  unknown  as  in 
the  other  method. 

Often  in  the  open-hearth  steel  process,  only  a  few  minutes  can  be 
allowed  for  the  determination  of  the  carbon  in  tests  taken  from  the 
furnace.  In  carbons  below  0.25  per  cent,  a  very  accurate  determi- 
nation can  be  had  by  simply  dissolving  samples  of  \  gram  each  of 
the  drillings,  sifted  through  meshes  of  10  to  the  inch,  in  2  c.  c.  of 
1.20  nitric  acid  in  test-tubes  of  exactly  the  same  size  and  color 
and  thickness  of  walls,  and  by  treating  the  sifted  standards  (chosen 
by  the  appearance  of  the  fracture  of  the  test)  in  exactly  the  same 
manner  and  at  the  same  tiine,  and  then  judging  of  the  variation 
in  colors  at  the  moment  of  complete  solution  and  before  the  carbon 
begins  to  separate  out.  Results  can  be  easily  got  in  this  way  in  three 
minutes.  When  the  carbon  is  over  0.25  per  cent,  it  is  best  to  have 
the  nitric  acid  heated  in  a  water  bath  to  80°  C,  and  to  use  the  same 
precautions  as  to  having  the  drillings  of  about  the  same  degree  of 
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fineness  and  the  tubes  of  the  same  size,  etc.  The  drillings  are  dis- 
solved in  4  c.  c.  of  nitric  acid,  and  as  soon  as  the  violent  ebullition 
has  ceased,  immediately  boiled,  by  holding  the  tubes  on  a  hot 
plate,  or  directly  over  the  flame  of  an  alcohol  lamp.  For  a  0.75 
per  cent,  carbon  steel  it  takes  four  minutes'  boiling  to  completely 
dissolve  the  carbon,  and  by  allowing  three  minutes  to  cool  in  cold 
water,  the  solutions  are  ready  to  decant  into  the  measuring  tubes 
and  to  dilute  and  compare.  The  color  solutions  prepared  in  this 
way  are  of  course  much  darker;  an  80-carbon  standard  steel  by 
this  quick  method  would  read  at  1.10  per  cent,  carbon  compared 
with  the  same  standard  made  in  the  usual  way  and  boiled  for 
thirty-five  minutes.  With  skilful  treatment  in  making  all  the  con- 
ditions uniform,  the  same  drillings  can  be  made  to  give  the  same 
color  every  time,  and  a  sample  compared  with  a  standard  treated  at 
the  same  time  can  be  read  in  less  than  ten  minutes  after  the  drillings 
are  first  obtained,  and  this  for  any  steels  up  to  1  per  cent,  carbon. 
Of  course  the  accuracy  of  this  method  depends  upon  having  the 
standard  very  near  in  composition  to  the  sample  to  be  tested.  A 
sufficient  number  of  weighed  amounts  of  the  standard  drillings  are 
prepared  beforehand,  and  a  sufficient  supply  of  clean,  dry  tubes  are 
kept  in  readiness  for  this  quick  test  work. 

Eggertz  says  the  mode  in  which  the  carbon  is  present  in  the  steel 
as  "  cement  carbon  "  or  "  hardening  carbon,"  renders  the  solution 
less  dark  in  the  latter  case  where  the  carbon  is  more  intimately  con- 
nected with  the  iron.*  The  writer's  experience  on  this  point  is, 
that  this  is  the  most  serious — in  fact,  almost  the  only  uncontrollable 
— error  in  the  color  carbon  method.  Without  knowing  in  just  what 
condition  the  carbon  exist  in  a  sample  of  steel,  it  is  impossible  to 
choose  with  certainty  a  standard  for  exact  comparison.  The  writer 
finds  that  the  mechanical  process  of  hardening  alters  chemically  the 
condition  of  the  carbon  contained  in  steel,  and  that,  so  far  as  his 
experience  goes,  there  is  not  a  uniform  but  an  irregular  change  pro- 
duced in  this  respect  by  hardening.  An  equal  weight  of  drillings 
of  the  same  steel  always  gives  lighter  color  to  the  nitric  acid  solu- 
tion after  hardening;  but  this  difference  varies,  the  results  indicat- 
ing from  five  to  thirty  per  cent,  less  of  carbon  by  color  than  actually 
exists  in  the  steel  as  shown  by  gravimetric  methods.  In  the  few 
experiments  which  the  writer  has  so  far  found  time  to  make,  he  has 
found  that  this  loss  of  color  has  been  nearly  restored  by  carefully 
annealing  the  hardened  steel. 

*  Transactions  Am.  Institute  Mining  Engineers,  vol.  x.,  p.  183. 


OrEN-HE-VRTH    STEEL    CHARGE    MADE    FOR    150ILER    PLATE.       311 


SOME  XOTES  AXD  TESTS  OF  AN  OPEN-HEARTH  STEEL 
CHAEGE  MADE  FOR  BOILER  PLATE 

BY   ALFRED  E.    HUNT,   PITTSBTJRGn,    PA. 

The  charge  to  be  described  was  made  in  a  seven-ton  furnace,  with 
a  heartli  twelve  feet  long  and  eight  feet  wide,  with  three  gas  and 
three  air  ports  on  each  side. 

Xhe  stock  of  the  entire  heat  was  charged  cold  in  one  hour  and 
five  minutes,  a  part  of  the  pig  being  first  placed  upon  the  bottom  to 
protect  it,  then  upon  it  the  plate-scrap  and  blooms,  and  finally  the 
remainder  of  the  pig — some  two  thousand  pounds. 

In  five  hours  and  twenty-five  minutes  after  beginning  the  charge 
the  metal  was  melted  down  level,  and  two  hundred  pounds  of  hot 
twelve-per  cent,  spiegel  was  charged,  care  being  taken  to  have  it 
entirely  immei'sed  in  the  bath.  In  two  hours  more  the  bath  was 
thoroughly  melted  and  hot,  and  began  to  boil,  ?*.  e.,  the  carbon  began 
to  be  oxidized  and  evolved  through  the  bath  of  covering  slag  as  car- 
bonic acid  and  carbonic  oxide  gases.  Seventy-five  pounds  of  lumps 
of  Republic  specular  iron  ore  were  added  at  this  time,  increasing  the 
action,  so  that  in  ten  minutes  after  the  metal  was  in  active  ebullition. 
A  test  of  the  metal  showed  it  to  have  about  0.90  per  cent,  carbon. 
One  hour  after  the  first  ore  was  added  a  test  was  again  taken,  after 
thorough  rabbling  of  the  metal,  and  it  was  found  to  be  0.37  per  cent, 
carbon.  One  hundred  pounds  more  of  lump  Republic  ore  and  about 
seventy-five  pounds  of  limestone  were  then  added,  and  fifty  minutes 
later,  after  the  bath  was  thoroughly  rabbled,  a  test  showed  the  metal 
to  have  0.23  per  cent,  carbon.  Twenty-five  pounds  more  of  Republic 
iron  ore  were  added  and  the  metal  allowed  to  boil  for  twenty  minutes, 
when  a  test,  after  rabbling,  showed  the  carbon  to  be  0.18  per  cent,  and 
the  manganese  to  be  0.01  percent. ;  the  slag  fracture  was  vitreous  and  of 
a  very  dark-green  color. 

About  forty  pounds  of  limestone  were  added,  and,  the  metal  being 
hot  and  in  a  state  of  quiet  ebullition,  a  hickory  pole  of  twelve  feet 
length  and  about  four  inches  diameter,  was  run  through  the  aperture 
in  the  centre  door  and  held  in  a  steady  inclined  position  in  the  bath, 
with  the  end  touching  the  bottom,  the  pole  being  shoved  in  further 
as  it  was  burned  away.  The  bath  was  carefully  watched  to  see  that 
the  action  that  ensued  was  not  too  violent,  the  pole  being  several  times 
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pulled  out  to  check  the  splashing  of  the  metal.  This  "poling"  of 
the  metal  lasted  for  about  ten  minutes.  Ten  minutes  was  then  allowed 
for  the  bath  to  quiet  down,  when,  after  rabbling,  two  tests  taken  in 
different  places  in  the  furnace,  showed  between  0.14  per  cent,  and  0. 15 
per  cent,  in  carbon.  The  metal  was  hot,  and  rapidly  cut  off  a  hook 
of  inch  iron  in  the  bath,  leaving  no  steel  but  only  slag  caught  on  the 
hook,  on  cooling  the  sharp  pointed  end  that  was  withdrawn  from  the 
furnace.  The  furnace  test  of  If  by  1  by  5  inches  long,  showed  a  good 
clear  silvery  fracture,  which  had  to  be  indented  by  a  chisel  for  about 
f  of  an  inch  on  each  side  before  giving  way  to  the  blows  of  a  heavy 
sledge.  The  final  addition  of  150  pounds  of  seventy-two  per  cent, 
ferro-manganese  was  then  added,  the  metal  was  thoroughly  rabbled 
and  tapped  into  the  ladle  just  twenty-five  minutes  after  the  pole  was 
taken  out  of  the  bath,  and  nine  hours  and  twenty  minutes  after  the 
first  piece  of  stock  was  charged.  The  metal  was  cast  into  a  hot 
ladle,  and  was  bottom-poured  into  four  plate  ingots  7  inches  thick 
by  37  inches  wide  by  48  inches  long,  and  weighing  about  3300  pounds 
each;  and  one  ingot  18  inches  square  and  48  inches  long,  on  the  same 
group,  weighing  about  4000  pounds;  and  one  ingot  7  by  15  by  22 
inches,  weighing  630  pounds;  and  one  12-inch  square  ingot,  weigh- 
ing 1620  pounds,  which  was  top  cast.  The  charge  yielded  19,430 
pounds  of  sound  ingots,  or  92.35  per  cent,  of  the  charge,  600 
pounds  of  runners  and  scrap,  or  2.85  per  cent,  of  the  charge,  and 
1010  pounds  loss,  or  4.80  per  cent,  of  the  charge.  Two  hundred 
pounds  of  Republic  ore  were  used  in  reducing  the  bath,  and  115 
pounds  of  limestone  to  clear  the  slag  of  metal. 
The  charge  consisted  of 

Number  One  charcoal  Titan  pig-iron,         .         .         .  6,080  pounds. 

Open-hearth  plate  scrap, 4,510       " 

Chateaugay  blooms  (62  in  number),  ....  10,100       " 
12  per  cent.  German  A  U  spiegel,      ....  200       " 

Weight  of  original  bath, 20,890      " 

Final  addition  of  72-per  cent,  ferro-manganese,        .  150      " 

Total  charge, 21,040       " 

The  analysis  of  the  finished  metal  and  of  the  constituents  of  the 
charge  is  as  follows  : 


OPEN-lIEARTn   STKEL   OIIARGK    MADE    FOR    BOILER    PLATE.       313 


FurD«r«  test  of  Finished  Ste«l  at 
tappinS 

5 

i 

a 

M 
ao 

a 

* 

a 
I 

2 

u 

3 
.3 
_£. 

■3 
OQ 

m 

9 

0 

s 

C. 

5 

It 

a- 

perct. 

a 
0 

perct. 
0.15 

perct. 
0.41 

perct 
0.020 

perct. 
0.023 

perct. 
0.033 

perct. 
0.023 

perct. 

perct. 

DrilliDgs  from  Rolled  Plate, 

0.15 

OJS 

0.021 

0.025 

0.037 

0.025 

Plate  Scrap  used  in  the  charge,  . 

0.15    i  0.25 

to          to 

O.IS      0.35 

0.025 

0.025 

0.010 

0.025 

Chateatifray  Blooms  used  iu  the 
charge 

0.10 

to     1  none 
0.30    [ 

0.013 

trace 

0.015 

none 

slag 
.25-.50 

No.  1  Titan  Charcoal  Pig  used  in 
the  charge, 

3.75      0.112 

1.958 

0.006 

0.050 

none 

12  per  cent.  German  A  D  Spiegel 
used  in  the  charge,     . 

4.60     11.290 
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72  per  cent.  Ferromanganese  used 
in  the  charge 

5.08 

68.520 

0.062 

trace 

0.226 

0.138 

26.15 

Republic  Iron  Ore  used  in  the 
charge,         .        .        .        •        . 
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Limestone  used  in  the  charge,     . 
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The  carbon  and  manganese  determinations  were  made  of  at  least 
a  dozen  of  the  different  samples  that  were  tested  mechanically,  and 
they  were  found  to  be  perfectly  homogeneous,  and  to  have  carbon 
0.15  per  cent,  and  manganese  0.29  per  cent.  The  carbon  determi- 
nations were  made  by  duplicate  combustions,  using  the  chromic- 
acid  process  described  by  Mr.  A.  S.  McCreath,*  previously  separating 
the  carbon  with  a  saturated  neutral  solution  of  the  double  chloride  of 
copper  and  ammonium.  I  use  the  drillings  of  this  material  for  a 
0.1 5  per  cent,  carbon  standard  in  color  analyses,  and  shall  be  pleased  to 
send  any  member  of  the  Institute  who  may  desire  it  some  of  these  drill- 
ings for  analysis  and  comparison.  The  chemist  of  a  Bessemer  works 
made  this  same  lot  of  drillings  to  be  0.10  per  cent,  carbon,  and  the 
chemist  of  an  open-hearth  works  reported  them  to  be  "  low,  less 
than  0.10  per  cent,  carbon."  In  each  ca-se  the  results  were  obtained 
by  the  color  method,  and  the  errors  were  occasioned  by  their  stand- 
ards being  correspondingly  lower  than  mine ;  that  is,  this  and 
other  samples  of  steel  which  I  make  by  gravimetric  and  color  analy- 
ses to  be  0.15  per  cent,  carbon  correspond  in  color  to  their  0.10  car- 
bon, as  read  by  their  standards. 

In  the  following  table  of  test.s  of  this  material,  .samples  marked  A 
were  taken  "with  the  grain,"  or  with  the  longest  axis  of  the  test 
cut  parallel  to  the  longest  axis  of  a  plate  rolled  135"  X  38''  X  i", 

*  Transactions  American  Institute  of  Mining  Engineers,  vol.  v.,  p.  575. 
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from  the  bottom-poured  ingot,  1"  X  15"  X  22",  weighing  630  pounds. 
Samples  marked  B  were  from  the  same  plate,  but  cut  transversely  or 
with  their  longest  axis  parallel  to  the  width  of  the  plate.  Samples 
marked  C  were  cut  with  the  grain  of  a  plate  rolled  150"  X  65"  X  |" 
from  one  of  the  bottom-poured  ingots,  7"  X  37"  X  48",  and  weigh- 
ing 3325  pounds.  Samples  marked  D  were  from  the  same  plate  as 
C,  but  were  cut  transversely  to  the  grain.  Sample  marked  E  was 
from  a  small  plate  about  twelve  inches  square,  sheared  from  the  same 
plate  as  were  samples  C  and  D,  reheated  and  rolled  down  on  a  small 
sheet  mill  to  a  quarter-inch  thick  plate.  Sample  marked  F  was 
cut  from  a  plate  rolled  from  a  slab  of  12"  X  16"  X  5",  which  had 
been  reduced  under  a  heavy  hammer  from  the  eighteen-inch 
square  ingot,  which  had  served  as  a  central  runner  for  the  group  of 
3300  pound  ingots,  7"  X  37"  X  48".  Samples  marked  G  were  taken 
from  the  same  plate  as  samples  A  and  B,  but  before  the  final  dress- 
ing of  the  sample  were  lieated  red-hot  and  plunged  into  water,  and 
then  finished  up  with  the  file.  Samples  marked  H  were  taken  and 
treated  the  same  as  samples  G,  but  were  chilled  in  brine  before  final 
dressing.  Samples  marked  I  were  taken  the  same  as  G,  but  were 
chilled  in  oil  before  dressing.  Samples  marked  J  were  taken  the 
same  as  G,  but  were  heated  red-hot,  and  then  carefully  annealed  in 
ashes  before  dressing.  Samples  marked  K  were  taken  the  same  as 
G,  but  were  heated  red-hot,  plunged  into  water,  reheated  gradually 
and  equably,  scoured,  and  the  temper  drawn  at  a  dark-straw  color 
before  final  dressing.  Samples  marked  L  were  taken  the  same  as 
G,  but  were  heated  red-hot,  plunged  into  water,  reheated  gradually 
and  equably,  and  the  temper  drawn  at  a  blue  color  before  final 
dressing. 

The  samples  tested  at  the  Watertown  Arsenal  and  at  Carnegie 
Brothers  &  Co.'s  were  from  the  same  plate  and  were  the  same  as  sam- 
ples marked  A.  Samples  marked  M  were  from  the  top-poured 
twelve-inch  square  ingot,  hammered  into  a  slab  12"X16"X5" 
and  then  rolled  to  a  quarter-inch  thick  plate. 

Test  Al  had  30  per  cent,  and  A2  had  2^\  per  cent,  of  elongation 
at  the  moment  of  failure,  that  is,  when  the  specimens  failed  to 
record  any  more  pressure  upon  the  scale  of  the  machine. 

In  each  of  the  specimens  which  I  broke  myself  one  of  the  broken 
ends  was  bent  over  upon  itself  double,  through  an  angle  of  180  de- 
grees, with  blows  of  a  heavy  sledge,  and  finally  with  a  light  steam- 
hammer,  and  in  no  case  (including  the  specimens  chilled  in  water, 
brine,  and  oil,  and  specimens  from  \"  to  |"  thick)  was  there  the 
slightest  sign  of  rupture  or  shearing  of  the  material. 
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The  above  tests  are  too  few  to  generalize  upon,  but  they  are  all 
typical  results  which  have  been  confirmed  very  many  times,  so  that 
from  them  as  illustrations  merely  I  state  the  following  propositions, 
which  from  a  considerable  experience  in  the  data  I  believe  to  be 
true  : 

I.  There  is  about  25  per  cent,  reduction  in  the  percentage  of  elon- 
gation in  the  results  of  a  specimen  of  soft  steel  of  8  inches  between 
shoulders  from  those  of  2  inches  in  length,  and  the  percentage  of  elon- 
gation varies  proportionately  to  the  length  of  the  specimens  meas- 
ured ;  hence  figures  as  often  given  of  the  percentage  of  elongation, 
without  stating  the  length  of  the  specimens,  are  meaningless. 

II.  The  percentages  of  elongation,  measured  at  "the  moment  of 
failure,"  give  from  15  per  cent,  to  20  per  cent,  lower  results  than 
those  measured  in  the  usual  way,  after  the  rupture,  or  as  finally  auto- 
matically recorded  by  the  testing  machine. 

III.  As  steel  is  usually  rolled  with  the  most  of  the  work  in  the 
direction  of  the  length  of  the  plate,  specimens  cut  transversely  to 
the  grain  of  the  metal  in  such  cases  give  slightly  lower  results  than 
those  cut  with  the  grain. 

IV.  Soft  plate  steel,  of  over  one-half  inch  thickness,  needs  to  be 
reduced  from  an  ingot  of  at  least  nine  inches  thickness.  A  very 
important  and  often  occurring  cause  of  defective  steel  is  that  it  has 
not  had  work  enough,  that  is  has  not  had  sufficient  reduction  from 
the  ingot  to  the  finished  steel. 

V.  An  increase  of  from  two  to  four  thousand  pounds  per  square 
inch,  and  a  correspondingly  lower  elongation  of  from  one  to  three 
per  cent,  in  two-inch  length  sections  of  soft  plate  steel,  is  obtained 
by  casting  ingots  twelve  inches  by  sixteen  inches  in  section,  and 
hammering  them  to  slabs  of  about  five  inches  thickness,  and  then, 
after  reheating,  rolling  these  slabs  into  plate  steel  over  plates  of  the 
same  heat  of  steel,  which  are  rolled  directly  from  the  ingot  to  the 
plate,  or  over  ingots  rolled  to  slabs  and  reheated  and  rerolled  to 
plate,  showing  that  there  is  a  sort  of  hammer  hardening  in  this  soft 
steel,  which  the  subsequent  reheating  and  rolling  does  not  entirely 
remove. 

VI.  Soft  steel,  of  no  matter  how  low  carbon,  can  be  hardened  to  a 
certain  extent  by  being  heated  red-hot  and  plunged  into  water,  and 
hardened  more  when  plunged  into  brine,  and  less  when  quenched  in 
oil. 

VII.  Soft  steel  of  no  njatter  how  low  carbon  can  be  hardened, 
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and  then   the  temper  drawn  to  a  certain  extent,  as  can  be  easily 
proven  by  the  testing  machine. 

VIII.  If  soft  steel  plates  are  finished  at  the  rolls  too  cold,  or  are 
too  snddenlv  chilkxl  in  tlie  coolina;  down,  a  considerable  decrease  in 
ductility  and  increase  in  tenacity  will  be  obtained  between  specimens 
from  the  plate  without  further  treatment  and  specimens  which  have 
been  carefully  annealed  before  dressing. 

IX.  For  soft  plate  steel  bottom-poured  ingots  are  more  solid  and 
uniform  in  structure,  and  yield  much  better  plates  than  top  poured 
ingots. 

X.  The  percentage  of  carbon  in  steel  for  practical  work  is  usually 
obtained  by  the  color  method.  Outside  of  the  errors  of  the  method 
and  errors  of  manipulation,  including  the  personal  equation  of  the 
operator  in  matching  the  colors,  all  of  which  I  think  in  most  cases 
are  tritliug,  there  is  the  great  and  common  source  of  error  due  to 
the  standard  being  erroneous.  I  question  whether  there  are  a  half 
dozen  laboratories  in  the  country  where  the  color  standards  would 
perfectly  agree,  so  that  before  a  general  intelligent  discussion  of  the 
properties  of  various  kinds  of  steel  can  be  had  it  will  be  necessary 
for  the  steel  works  chemists  to  agree  more  exactly  as  to  their  color 
standards  for  carbon  determinations. 


DIFFEBENTIAL    SAMPLING   OF  BITUMINOUS 
COAL-SEAMS. 

BY  DR.   JAMES   P.   KIMBALL,  LEHIGH    UNIVERSITY,    BETHLEHEM,    PA. 

In  a  paper  which  I  had  the  honor  to  present  to  the  Institute  at  the 
Montreal  meeting,  September  1879, 1  took  occasion  to  refer  inciden- 
tally to  certain  practical  difficulties  in  the  sampling  of  coal-seams 
(Trans.  Vol.  VIIL,  p.  181-3).  This  reference  was  particularly  to  the 
unequal  distribution  of  sulphur  in  the  form  of  pyrite,  and  to  the  ne- 
cessity of  discriminating  between  the  several  members  or  "  benches  " 
of  a  coal  seam  as  to  their  relative  proportion  of  visible  sulphur. 

What  is  a.  practically  truthful  estimation  of  the  sulphur  of  a  coal 
seam,  is  not  necessarily  the  estimation  of  an  average  of  sulphur  in 
any  given  line  of  cross-section  of  the  seam.  Comparatively  speak- 
ing, the  range  of  sulphur  in  quantity  is  generally  so  low  that  errors 
in  its  determination,  arising  from  neglectful  sampling  or  from  slips 
in  the  laboratory,  fall  chiefly  upon  this  single  ingredient.     Not  so, 
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however,  with  the  ash.  Unsuitable  sampling  of  the  coal-seam,  or 
unsuitable  preparation  of  the  sample  in  the  laboratory,  often  gives 
rise  to  errors  in  the  determination  of  ash,  so  wide  in  range  as  to 
vitiate  the  analysis  for  all  practical  purposes,  every  other  single  de- 
termination, except  that  of  moisture,  sharing  its  ratio  of  the  error. 
The  truth  is  indeed,  as  I  shall  incidentally  show,  that  indiscrimi- 
nate sampling  of  bituminous  coal  seams  opens  the  door  to  errors  in 
the  demonstration  of  both  sulphur  and .  ash,  as  the  ratio  of  one 
generally  follows  the  ratio  of  the  other,  from  the  association  of  slates 
rich  in  ash  and  pyritous  sulphur.  Hence,  not  only  one  but  two 
sources  of  errors  which  give  no  sign  of  themselves,  and  for  which  no 
coefficients  can  be  found.  Distributed  through  an  analysis,  such  errors 
become  manifold  to  the  extent  of  involving  every  single  determina- 
tion of  essential  parts.  Serious  mistakes  thus  arise  in  spite  of  every 
precaution  that  falls  short  of  what  I  would  call  a  differential  samp- 
ling of  the  coal  bed  with  reference  to  practical  conditions  which  it  is 
not  always  easy  to  ascertain. 

No  coal  seam  as  a  whole,  nor  any  in  more  than  a  very  few  excep- 
tional localities,  presents  a  uniform  cross-section  of  homogeneous 
coal.  On  the  contrary,  almost  every  breast  of  coal  is  constituted  of 
two  or  more  **  benches"  or  divisions,  separated  by  so-called  partings 
which  are  sometimes  simply  divisional  planes  of  bedding,  and  more 
frequently  intercalations  of  clay  slate  or  shale,  bituminous  or  non- 
bituminous,  pyritous  or  otherwise;  or  highly  bituminous  intercala- 
tions of  so-called  bone-coal  passing  into  splint  and  cannel.  Bedding 
planes  are  sometimes  marked  by  the  presence  of  fibrous  coal 
(mother-of-coal  or  mineral  charcoal),  forming  merely  splitting  sur- 
faces; or  else  this  substance  may  be  of  perceptible  thickness,  in  the 
form  of  "  bearing-in  "  courses  or  benches. 

Bituminous  coal  often  presents  in  a  single  breast  a  succession  of 
benches  of  coal  possessing  widely  different  physical  properties,  on 
which  depend  their  technical  or  practical  qualities,  no  less  at  least 
than  on  their  chemical  constitution.  Thus  occur  in  portions  of  a  bitu- 
minous coal-seam,  if  not  indeed  uniformly  throughout  its  whole  area, 
varieties  of  coal  which,  although  only  subordinate  to  a  uniform  type, 
admit  of  distinctions  according  to  their  physical  properties,  greatly 
facilitating  technical  operations,  both  in  the  mining  of  the  coal-seam 
and  in  the  application  of  the  product.  Whatever  the  use  of  such 
qualitative  distinctions  for  technical  purposes,  it  seems  to  me  that  they 
offer  the  means  for  a  much  closer  and  more  accurate  determination 
of  the  practical  qualities  of  coal  in  situ  — in  advance  of  actual  raining, 
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and  for  the  solution  of  certain  ttvlinioal  pn)blenis  by  dint  of  tiresome 
and  often  futile  experience.  Such  dilferences  occur  in  every  coal 
betl,  and  often  within  very  narrow  limits,  as,  for  example,  within 
the  compass  of  a  single  coal  bank.  Such  ditierences  arise  from  two 
separate  conditions,  namely  :  First,  those  governing  the  original 
deposition  of  the  coal ;  and,  second,  those  which  have  supervened  since 
its  deposition,  including  conditions  such  as  depend  upon  its  relations 
to  the  surface,  and  such  as  have  followed  as  a  result  of  displacement. 
Many  of  the  tbl-mer,  while  too  minute  for  general  description,  should 
not  escape  the  recognition  of  the  sampler.  Differences  of  the  second 
class  are  mainly  as  to  dip  and  cover.  Differences  in  dip  involve 
differencos  in  the  distribution  of  pyritous  sulphur.  Phenomena  of 
secular  weathering  and  of  internal  weathering  (as  the  term  was  used 
by  me  in  1877,  and  as  since  widely  used  by  Roth),  closely  follow  dif- 
ferences in  cover,  or  relations  to  outcrop.* 

Among  qualitative  differences  of  the  first  class,  to  be  more  par- 
ticular, the  more  important  are  the  less  obscure  differences  between 
coal  seams  of  unlike  physical  characteristics,  and  between  benches  of 
unlike  physical  characteristics  in  a  single  seam. 

The  following  may  be  mentioned  :  splint  coal ;  cannel  coal ;  lam- 
ellar coal ;  columnar  coal ;  conchoidal  coal ;  block  (prismatic)  coal  ; 
fibrous  coal  (mother-of-coal  or  mineral  charcoal) ;  friable  coal, 
a  common  variety,  characterized  by  fine  cross-cleavage  as  well  as 
by  fine  lamination.  Seams,  or  the  benches  of  a  seam,  are  further 
characterized  by  the  impurities  which  they  contain,  or  by  intercala- 
tions which  separate  them.  These  are  chiefly  laminaeof  earthy  sedi- 
ments more  or  less  bituminous,  passing  insensibly  into  slates,  shales 
and  clay  on  the  one  hand,  and  into  bone-coal  and  splint  and  cannel 
coal  on  the  other.  These  are  often  pyritous  as  well  as  bituminous, 
the  pyrite  sometimes  being  diff*used,  or  again  concentrated  into  segre- 
gations or  lenses.  Pyritous  partings  likewise  occur  within  the  sec- 
tional compass  of  the  coal  itself,  arising  from  the  crystallization  of 
pyrite  between  surfaces  of  lamination  or  of  cleavage.  The  presence 
of  pyrite  in  coal  may  be  under  circumstances  of  approximately  uni- 
form distribution  throughout  an  extended  area,  cr  an  excess  of  it 
may  be  locally  limited.  Or  again,  an  excess  of  it  may  take  posses- 
sion of  a  single  bench,  or  confine  itself  to  basin-like  depressions  or 
to  a  particular  dip.  Products  of  the  weathering  or  oxidation  of 
pyrite  are  found  seated  in  place  of  the  original  sulphide,  or  trans- 
mitted into  other  parts  of  the  coal  by  solution  and  percolation. 

*  See  Extract  from  a  Report  of  an  Examination  of  Coal  and  Iron  Lands  adjoin- 
ing Eastern  Kentucky  Railway,  by  the  writer,  Greenup,  Ky.,  1877,  p.  3. 
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Benches  of  coal  undistinguishable  by  strongly  marked  physical 
characteristics  may  nevertheless  possess  dissimilar  technical  quali- 
ties. While  one  bench  may  be  a  dry  coal,  another  may  possess  good 
coking  qualities  ;  one  may  be  highly  sulphurous  and  another  poor  in 
sulphur.  The  sulphur  of  one  bench  may  be  in  the  objectionable 
form  of  pyrite,  and  in  another  bench  in  the  innocuous  state  of  an 
oxidized  product  of  that  mineral.  In  such  cases  the  relative  thick- 
ness of  different  benches  becomes  important.  Thus  partings  of 
fibrous  coal  often  dividing  a  coal-seam  into  benches,  while  seldom 
justly  to  be  considered  as  an  impurity,  claim  recognition  by  way  of 
facilitating  a  discrimination  between  benches  of  a  coal-seam,  and 
rendering  practicable  a  differential  sampling  of  it  in  advance  of 
raining — and  even  a  quantitative  determination  of  the  true  run  of 
mine  which,  as  I  shall  presently  show,  a  sectional  average  of  the 
whole  coal-seam  seldom  affords. 

Qualitative  differences  of  the  second  class  are  always  local.  Such 
are  cross-courses  of  fibrous  coal,  especially  where  not  of  too  frequent 
or  of  regular  occurrence,  following  some  system  of  jointing  or  cleav- 
age. Cross-courses  of  clay  are  obviously  extraneous.  It  is  also 
generally  safe  to  regard  as  extraneous  and  adventitious  light-colored 
clays,  whether  indurated  or  not,  sometimes  found  as  ''slips"  in 
rolls  of  a  coal-bed  under  such  circumstances  as  to  indicate  their 
intrusion  as  sediment  by  percolation  into  partings,  or  cleavage 
fissures  opened  by  flexure. 

Impurities,  not  in  courses,  or  occupying  divisions  of  bedding  or 
lamination,  such  as  minute  laminae  or  so-called  "  knife-edges  "  of 
slate,  clay,  bone-coal  or  fibrous  coal;  or  such  impurities  as  pyritous 
cleavages  (flakes)  or  segregations  of  pyrite  in  lenses,  are  either  local 
or  persistent  occurrences,  and  must  be  treated  as  essential  parts  of 
coal-seams  or  coal-benches  accordingly, — that  is,  either  locally  or 
generally  as  the  case  may  be,  especially  where  their  intermixture  is 
either  too  minute  or  too  extended  to  admit  of  separation  either  in- 
side the  mine  or  on  the  dump.  Fibrous  coal,  whatever  be  its  form 
of  occurrence,  is  in  mining  operations  generally  dissipated  in  dust  and 
screenings.  As  it  is  rich  in  fixed  carbon  and  highly  combustible,  the 
effect  of  including  in  a  sample  a  course  of  it,  would  be  to  raise  the 
quality  of  an  average.  It  should  be  excluded,  however,  on  the  ground 
that  little  if  any  finally  enters  into  the  actual  product  of  a  mine. 

Thin  benches  of  coal,  bony  coal,  or  slate  often  occur  within  the 
compass  of  a  coal  seam,  and  thus  strictly  belong  to  it,  although  not 
broken  nor  extracted  in  mining.     Such  are  "  top  and  bottom"  coals 
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or  slates,  wliich,  although  ripped  out  in  roads,  headiugs  and  gang- 
ways for  the  sake  of  sj)aee  in  such  road  and  main  ways,  are  not  re- 
niove<l  tVom  rooms  at  all,  excvpt  in  the  case  of  top  slates  liable  to 
fall,  which  for  the  sake  of  security  to  life  are  then  likewise  ripped 
in  rixims  subsequent  to  the  extraction  of  the  coal,' and  stowed  away 
inside  as  gob  in  empty  or  unused  places.  Sometimes  a  better  roof 
is  tiuis  secured  than  is  afforded  by  the  natural  roof  of  a  coal-seam  ; 
as,  for  example,  where  a  seam  is  immediately  covered  by  a  fissile 
slate,  or  by  shaly  or  lenticular  sandstone,  subject  to  falls  of  scales 
under  the  combined  action  of  weathering  and  gravity.  This  is  the 
case  with  the  Pittsburgh  seam  of  the  Connellsville  region.  The  roof 
of  this  S-foot  seam  is  here  sustained  by  twelve  to  eighteen  inches  of 
good  coal  left  in  the  gjingways  and  headings,  and  sometimes  even 
in  rooms.  A  top  l>ench,  while  sometimes  affording  a  better  roof  to  a 
mine  than  the  natural  cover  of  a  coal-scam,  is — in  the  case  of  thinner 
seams  than  the  Pittsburgh — usually  left  only  on  account  of  objection- 
able quality.  So  also  with  an  unbroken  bottom  bench.  This  is  left 
only  when  of  defective  quality,  or  when  separated  from  the  workable 
portion  of  a  seam,  by  a  persistent  parting  of  slate  or  fire-clay.  It  is 
often  found  expedient  to  sacrifice  an  upper  or  lower  bench  of  good 
coal,  rather  than  separate  it  in  mining  from  a  parting  slate  even 
though  of  trifling  thickness.  As  a  rule  rather  than  the  exception, 
however,  top  and  bottom  benches  of  coal-seam*  contain  more  impu- 
rities in  the  form  of  bony  coal,  diffused  slates  and  pyrite,  than  their 
interior  portions.  Under  such  circumstances  a  gradation  of  quality 
may  sometimes  be  observed  from  a  middle  bench  toward  the  exterior 
of  a  seam. 

To  the  occurrence  of  partings  of  slates  or  fire-clay  within  the  sec- 
tional or  superficial  compass  of  a  coal  seam,  there  is  no  limitation. 
Nor  can  any  general  rule  governing  the  position  of  such  intercala- 
tions be  expected  from  the  circumstances  under  which  they  were 
deposited  alternately  with  the  coal.  These,  in  a  word,  comprise  the 
intrusion  of  extraneous  sediments,  and,  corresponding  to  their  extent, 
an  interruption  in  the  continuity  of  the  conditions  under  which  the 
bituminous  matter  of  the  coal  accumulated.  The  same  kind  of  in- 
terruption, far  greater  in  degree,  is  evinced  by  the  sediments  sepa- 
rating the  several  seams  of  the  whole  series  of  coal-measures.  Sedi- 
mentary intercalations  in  a  coal-seam  are  persistent  or  not  over  a 
wide  range  of  area  ;  they  are  few  or  many,  or  they  are  relatively 
thick  or  thin,  according  to  the  localization,  sequence,  duration  and 
violence  of  the  perturbations  of  nature  which   broke  the  continuity 
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of  the  deposition  of  the  coal  itself  The  lesser  extraneous  sediments 
of  coal-seams  measure  the  effects  of  a  shower,  a  Avind  or  a  flood. 
Inequalities  of  such  effects  are  the  measure  of  inequalities  of  the 
surface  of  deposition.  Hence  the  lenticular  form  of  such  sediments 
within  a  range,  wide  or  narrow — corresponding  to  the  original  dis- 
tribution and  horizontal  extent  of  slightly  depressed  areas.  The 
greater  exhibitions  of  the  same  phenomena,  like  the  splitting  or  di- 
vision of  a  coal-seam  by  a  thick  stratum  of  shale  or  fire-clay,  are 
effects  of  similar  causes  on  a  larger  scale,  or  more  protracted  in  point 
of  time.  Inequalities  of  the  bottom  of  a  coal-seam  distinct  from 
intrusions  of  intercalated  sediments,  of  the  nature  of  so-called  "  horse- 
backs," correspond  to  the  inequalities  of  the  original  surface  or  floor 
of  deposition.  Illustrations  of  all  such  inequalities  here  instai^ced, 
are  afforded  by  almost  every  coal-seam  at  intervals  within  the  range 
of  any  wide  development. 

The  following  examples  of  good  mining  practice  will  serve  to 
illustrate  the  preceding  remarks. 

In  the  Steam-coal  region  of  Clearfield  County,  the  Freeport 
Lower  coal-bed  (D)  has  a  gross  thickness  of  5  to  6  feet.  A  top-bench 
of  5  to  9  inches  of  bony  or  slaty  coal,  developed  in  most  of  the 
mines  of  this  region-,  is  left  on  the  roof,  or  else  ripped  subsequent  to 
the  extraction  of  the  coal  in  order  to  prevent  casualties.* 

In.  some  parts  of  tjie  district  this  bed  (4  to  4|  feet  gross)  is  like- 
wise mined,,  free  from  an  objectionable  top-bench,  ranging  from  6  to 
18  inches  in  thickness.  It  is  from  these  beds  and  under  these  cir- 
cumstances that  the  superior  product  of  this  region  i&  mined. 

The  Glen  White  Coal  &  Lumber  Company's  mine  in  bed  B,  near 
Kittanning  Point,  presents  the  seam  as  a  double  one,  with  6  inches 
of  bony  coal  on  the  roof,  and  a  middle  parting  of  12  to  15  inches. 
The  upper  bench  of  31  inches  affords  an  excellent  steam  coal,  while 
the  lower  bench  of  ^7  to  36.  inches  is  worthless  from  excess  of  im- 
purities. The  upper  bench  only  is  mined  for  coke  making,  free  from 
the  top  bony  coal.  The  same  remark  applies  to  Dr.  Baker's  mine 
in  the  same  region,  where  nearly  the  same  section  is  observed  and  a 
similar  practice  followed. 

The  same  bed  (B)  is  mined  farther  south  in  the  Bennington  coal 


*  The  notation  and  nomenclatnre  of  coal-seams  here  used  are  the  same  as  in 
the  later  Reports  of  the  Seeond' Geological  Survey  of  Pennsylvania,  which  are  like- 
wise followed  as  to  identification  of  coal  seams. 

Dr.  II.  M.  Chance  kindly  informs  me  in  advance  of  Report  II„  that  the  Houtz- 
dale  and  the  Moshannon  coal  in  Clearfield  County  on  tiie  Moshannon  is  now  referred 
by  the  Survey  to  the  horizon  of  the  Freeport  Lower  seam  D. 
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fieUl  of  Blair  County,  by  the  Cambria  Iron  Company  (Blair  Iron 
tt  Coal  Company)  for  coking  purposes,  and  by  Donnison,  Porter  & 
Co.  for  market.  Here  the  middle  {larting  is  of  variable  thickness, 
and  the  lower  bench  insignificant  or  sometimes  entirely  absent,  its 
development  being  at  the  expense  of  the  bottom  bench  as  usual  with 
such  massive  partings.  When  over  G  inches  in  thickness  it  is  not 
removeii,  as  the  cost  of  stowing  it  away  and  the  liability  of  its  mix- 
ing with  the  coal,  render  the  mining  of  the  lower  bench  unprofitable. 
Under  the  more  favorable  circumstances,  this  is  mined  by  Dennison, 
Porter  ct  Co.,  and  also  occasionally  by  the  Blair  Iron  &  Coal  Com- 
pany. The  upper  bench  of  2^  feet  is  mined  by  all  the  companies, 
free  of  its  bony  top  of  G  inches.  Space  for  roads  and  headings  is 
cut  out  of  the  lower  bench  or  bottom  slates. 

At  Lloydsville,  Clearfield  County,  the  same  seam  (B  =  G  to  Gh  feet) 
is  divided  into  three  benches,  its  typical  structure  in  this  region. 
The  two  upper,  aggregating  5  feet,  are  mined  for  market  by  the 
Bell's  Gap  Railroad  Company,  free  of  the  top  bony  coal  as  well  as 
of  the  bottom  coal,  the  latter  being  ripped  for  gangway. 

Bed  B  is  mined  at  Johnstown  by  the  Cambria  Iron  Company, 
and  by  the  Manufacturing  Company,  free  of  its  top  bony  coal,  and 
of  bottom  slaty  coal,  the  uj)per  bench  presenting  a  face  of  S^  feet, 
the  bottom  coal  being  taken  up  only  in  gangways  and  headings. 

The  Upper  Freeport  or  Lemon  bed  (E)  was  formerly  rained  by 
Dennison,  Porter  &  Co.,  near  Bennington,  where  it  is  now  mined 
by  the  Kittanuing  Coal  Company.  In  Cambria  County  it  is  mined 
at  Lilly  Station  by  Dysart  &  Co.,  at  Johnstown  by  the  Cambria  Iron 
Company  (Coshun  and  Conemaugh  mines),  and  at  Gallitzin  by  the 
Glen  White  Coal  &  Lumber  Company,  under  varying  conditions  of 
thickness  and  of  distribution  of  partings,  but  uniformly  free  of  the 
top  bony  coal  when  developed,  the  fire-clay  bottom  being  raised 
when  its  space  is  required  for  gangway  and  headings. 

The  Kittanning  Upj)er  coal  (C)  at  Johnstown  (Rolling  Mill 
mine)  presents  3J  feet  of  coal,  and  is  mined  free  of  li  feet  of  top 
bony  coal  which  is  broken  only  in  main  ways-.- 

The  Berlin  coal-seam  is  rained  at  Berlin,^ Somerset  County,  by 
the  Standard  Coal  Company,  free  of  a  top  bench  of  coal, .3  to  8  inches, 
a  5-inch  parting  separating  it  from  the  workable  bench  of  38  to  44 
inches. 

The  Kelly  seara  of  the  Broad  Top  coal-field,  5  to  5|  feet  iu' 
thickness,  is  rained  by  the  Kemble  Coal  &  Iron  Company  and  by 
the  Everett  Iron   Company  for  coking,  and   generally  throughout 
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the  region  for  market,  free  of  a  bottom  bench  of  12  to  20  inches  of 
sulphurous  and  otherwise  somewhat  impure  coal.  This  is  raised  iu 
gangways  and  headings.  The  Barnet  seam  of  the  same  region 
occurs  under  similar  conditions,  and  is  rained  in  the  same  way. 

In  the  Pittsburgh  bed  of  the  Salisbury  coal-field  the  parting  between 
the  main  and  bottom  benches  is  left  as  floor  in  several  of  the  mines. 
Professor  J.  J.  Stevenson's  tabular  exhibit  of  the  relative  distribution 
of  the  divisions  of  the  Pittsburgh  seam  in  Fayette  and  Westmore- 
land counties,  suggests  in  several  of  the  sections  given  the  necessity 
of  discrimination  between  benches  for  good  mining  practice.* 

The  Bloss  bed  of  the  Blossburg  Coal  Company,  at  Arnot,  Tioga 
County,  Pa.,  with  a  gross  thickness  of  some  4|  feet,  is  mined  clear  of 
a  bottom '*  bearing-in  "  bench  of  coal,  eight  inches  in  thickness,  sepa- 
rated in  places  from  the  main  lowest  workable  or  third  bench  by 
a  parting  slate  of  variable  thickness.  (2d  Geol.  Survey  of  Penn., 
Report  G,  180.) 

The  Coalton  or  Ashland  seam  (VII.)  of  the  Hanging  Rock  dis- 
trict of  Kentucky,  is  mined  throughout  the  district  free  of  a  top 
bench  of  sulphurous  coal,  ranging  from  6  to  20  inches  in  thickness, 
and  of  the  shaly  parting,  separating  it  from  the  workable  benciies, 
the  aggregate  thickness  of  which  varies  from  3  to  4  feet.  Gangways 
and  headings  are  driven  to  the  full  height  of  the  roof. 

In  the  mines  of  Akron  Furnace,  of  the  Hocking  Valley  district  of 
Ohio,  in  the  Straitsville  or  Nelsonville  seam  (VI.),t  the  upper  or 
fourth  bench  with  the  parting  of  bituminous  shale,  is  left  for  the 
roof     (Rep.  Geol.  Survey  of  Ohio,  III.,  839.) 

It  would  be  easy  to  add  to  the  number  of  examples  of  bituminous 
coal  mines  operated  on  a  large  scale,  in  which  upper  or  lower 
benches  remain  unbroken  whenever  of  such  inferior  quality  as  to 
contaminate  the  rest  of  the  coal  if  broken  along  with  it.  The  prac- 
tice applies  equally  to  top  and  bottom  benches  excessively  bony, 
slaty  or  sulphurous,  and  to  benches  similarly  situated  of  merchant- 
able coal  too  thin  to  pay  for  the  removal  and  stowage  of  parting 
slates,  separating  them  from  interior  workable  benches.  The  kind 
of  roof  afforded  by  an  unbroken  upper  bench  is  of  course  in  each 
case  an  important  consideration.  The  expediency  of  leaving  it  as  a 
substitute  for  an  inferior  roof,  where  otherwise  it  would  not  be  re- 
jected, is  not  pertinent  to  the  present  subject. 

Discrimination  against  the  quality  of  top  and  bottom  benches  is 

*  Geol.  Survey  of  Pa.,  Keport  KK— 56-59. 

t  Upper  Freeport  seam  (E)  of  Pennsylvania  section. 
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greatly  faeilitattxi  by  the  circumstance  that  an  excess  of  ash  mani- 
I'ests  itself  to  the  eye  throuirh  an  excess  of  slate  or  bony  coal,  while 
an  uuiUie  proi)ortion  of  sulphur  makes  itself  known  by  a  generous 
distribution  of  visible  pyrite.  These  two  impurities  commonly  go 
together  with  such  titlelity  that  where  one  is  found  the  other  is 
rarely  far  otf.  Such  discrimination  does  not  always  follow  visible 
differences.  An  excess  of  ash  and  sulphur,  one  or  both,  sometimes 
defies  detection  without  careful  comparative  analyses,  perhaps  fre- 
quently repeated. 

While  benches  equally  impure  may  occur  within  the  body  of  a 
coal  seam,  it  is  rather  by  way  of  exception  that  the  benches  richest  in 
bony  coal,  bituminous  slates  and  pyrite,  in  intimate  admixture  with 
pure  coal,  are  not  the  upper  and  lower  members  of  a  seam.  Parting 
slates,  shales  and  fire-clay  are  commonly  so  distinguished  from  coal 
as  to  be  readily  separated  from  it  in  the  process  of  mining  and  prep- 
aration for  market.  But  no  equally  ready  means  are  available  for 
the  rejection  of  interior  benches,  however  objectionable,  in  beds 
of  any  size,  as  in  the  case  of  top  and  bottom  impure  benches  in 
seams  of  such  thickness  as  to  be  workable  after  reduced  in  size  by 
the  rejection  of  exterior  members. 

Coal  seams,  whether  free  or  not  from  distinctly  slaty  or  sulphurous 
courses,  are  commonly  divided  into  benches  of  various  thickness  and 
of  various  physical  properties,  involving  differences  in  chemical  re- 
lations of  its  several  ingredients.  In  some  coal-fields  these  inequali- 
ties are  more  strongly  marked  than  in  others.* 

The  methods  adopted  by  the  several  recent  state  geological  sur- 
veys in  the  study  of  bituminous  coal-seams,  vary  widely  in  respect 
to  the  degree  of  attention  given  to  such  features  as  I  have  briefly 


*  The  importance  of  considerations  of  the  kind  abo%'e  brouglit  forward,  has  come 
home  to  me  of  late  in  experience  of  my  own.  Having  been  called  upon  to  sample 
the  undeveloped  Kittanning  and  Freeport  groups  of  coals  in  Somerset  County,  in 
conjunction  with  one  of  our  best  field  geologists  uncommonly  familiar  with  the 
coal-measures  of  Pennsylvania,  we  were  surprised  and  disappointed  witli  the  results 
of  analyses  of  the  samples.  The  samples  were  taken  in  the  usual  manner.  They 
did  not,  however,  bear  out  the  favorable  impressions  of  the  qualities  of  the  several 
seams,  as  derived  from  their  appearence  in  what  I  have  termed  above  rustic  coal- 
banks.  I  subjoin,  by  way  of  illustration,  the  preliminary  analyses  thus  described, 
and  also  analyses  from  a  second  sampling  by  myself,  in  which  I  followed  the  course 
here  recommended  for  such  cases. 

The  coals  referred  to  are  from  the  hydrographical  basin  of  the  Qnemahoning, 
within  the  Johnstown  sub-basin  of  the  First  great  Allegheny  coal  basin,  in  Somerset 
County,  Pa.  The  first  series  of  analyses  is  by  Mr.  Andrew  S.  McCreath,  and  the 
second  bv  Dr.  Thomas  M.  Drown. 
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noticed  above.  The  surveys  of  Ohio  and  Kentucky  are  rich  in  ex- 
amples of  analyses  of  coals  differentially  sampled,  according  to  a 
system  of  nice  discrimination  between  benches  of  different  physical 
characters.  The  system  followed  by  these  surveys  is  none  the  less 
commendable  that  the  coals  of  which  they  treat  often  exhibit  differ- 
ences between  their  several  benches,  individually  considered,  more 
pronounced  in  character  than  are  commonly  exhibited  by  members 
of  the  Allegheny  series  of  coal-seams. 

The  extensive  series  of  proximate  analyses  of  the  coals  of  the  Al- 
legheny coal-field,  issued  from  the  laboratory  of  the  Second  Geologi- 
cal Survey  of  Pennsylvania,  includes  a  goodly  number  that  well 
exhibit  its  great  variety  of  bituminous  coals.  I  refer  to  analyses 
preceded  by  anatomical  analysis  of  coal-seams,  involving  a  discrimi- 
nation between  varying  parts  of  an  individual  seam  and  a  minute 
definition  and  description  of  the  samples.  The  several  types  of  coal 
afforded  by  this  coal-field  as  a  whole,  and  by  its  minor  basins,  are 
represented  by  analyses,  the  significance  and  value  of  which  are  not 
impaired  by  any  lack  of  attention  on  the  part  of  the  field  observer 
to  the  physical  differences  which  it  is  the  object  of  the  present  paper 
to  emphasize.  This  important  part  of  the  work  of  the  survey  has 
been  especially  well  done  in  such  divisions  of  the  great  coal-field  of 
the  state  as  have  been  developed  by  mines  and  railroads,  facilitated 
of  course  not  only  by  the  ample  presentation  of  coal-seams  in  devel- 
oped mines,  but  also  by  the  practice  individual  to  mines  which 
rarely  errs  in  discrimination,  where  essential  differences  occur,  be- 
tween the  practical  and  comparative  values  of  coal-seams  and  of 
their  subordinate  parts.     In  undeveloped  districts  of  the  state  un- 

AVERAGE  OF  WHOLE  SEAM.        DIFFERENTIAL   SAMPLING   OP   SAME. 
I.  II.  III. 

Moisture,       .       1.016  1.256  1.892 

Fixed  carbon,     68.630  69.175  65  897 

Volatile  matter,  17.004  17.364  18.513 

Sulpliur,         .       3  264  2.125  3.078 

Ash,     .        .       10.086  10.080  10.620 

I.  Bed  C  Pile's  bank. 

II.  Bed  E  Lape's  bank. 

III.  Bed  B  Hoffman's  bank. 

IV.  Bed  C  Pile's  bank.    Sample  exclusive  of  road  bench  (8'''')  and  gangway  bench 

(5^0  net  coal  3'7^^ 
V.  Bed  C^  Lohr's  bank,  sample  exclusive  of  road  bench,  net  coal,  3''10. 
VI.  Bed  K  Sipe's  bank,  sample  exclusive  of  road  bench,  9'''',  net  coal  3^. 
VII.  Bed  E  Lape's  bank,  sample  exclusive  of  road  bench,  1  foot,  net  coal  3'. 
VIII.  Bed  B  Hoffman's  bank,  sample  exclusive  of  road  bench,  6'''',  net  coal  31^''. 


IV. 

V. 

VI. 

VII. 

VIII. 

1.60 

1.27 

1.21 

1.28 

1.88 

74.85 

77.77 

75.82 

74.14 

72.90 

14.25 

14.33 

15.85 

15.05 

16.41 

1.59 

0.66 

0.95 

1.69 

0.98 

9.30 

6.63 

7.12 

9.53 

8.81 
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proviili\l  with  railroad  facilities,  so  essential  to  the  development  of 
coal  on  an  intlustrial  scale,  and  where  examples  of  good  mining 
practice  are  not  to  be  fonnd,  the  work  of  the  snrvcy  in  the  particu- 
lar above  referrcil  to,  has  not  proved  equal  to  its  best.  Nor,  perhaps, 
is  it  reasonable  to  expect  that  the  best  work  be  practicable  without 
the  best  facilities  for  oi)servation,  the  same  as  when  these  are  not 
wanting.  Yet  the  most  useful  part  of  the  mission  of  a  public  survey 
is  to  lead  rather  than  to  follow.  Uncalled  for  as  may  seem  a  close 
study  of  a  coal-seam,  as  exhibited  in  the  rude  coal  bank  of  a  farmer, 
from  which  only  a  few  hundred  bushels  are  dug  every  winter  for  the 
kitchen  fire,  and  which,  in  the  geologist's  time  of  summer,  is  too  apt 
to  be  "fallen  shut"  (zugefallen),  it  is  obvious  that  every  consider- 
able coal  industry  must  have  advanced  from  some  such  tender  and 
sensitive  state, — I  use  the  term  advisedly — for  the  geological  sur- 
veyor is  a  mighty  personage,  with  power  to  make  or  mar,  to  bring 
railroads  or  to  turn  them  away. 

Difficult  as  it  is  to  recognize  in  the  immediate  rural  environment 
industrial  possibilities  of  the  future,  and  great  as  may  the  effort  be  to 
the  mind  trained  to  the  disuse  of  the  imagination,  yet  the  geological 
surveyor  cannot  be  upheld  in  admitting  into  the  quality  of  his  work 
gradations  according  to  the  importance  of  immediate  interests,  or  to 
the  range  of  local  intelligence  bv  which  it  is  at  first  gauged.  Under 
the  depressing  circumstances  that  a  rustic  coal  bank  is  generally 
inspected,  like  a  low  and  crooked  drift  littered  with  ominous  "  falls" 
from  a  still  shaky  roof;  its  props  few,  if  props  there  be,  and  far 
between ;  its  breasts  of  coal  perhaps  weathered  and  hoary  with 
the  efflorescence  of  time,  the  inspector  is  only  too  glad  to  emerge 
into  daylight  with  such  samples  as  could  be  scaled  from  a  smooth 
heading,  and  to  take  the  chances,  whatever  they  be,  between  coal, 
slate  and  sulphur.  The  chance  is  small  that  such  sampling  does 
quite  justice  to  the  seam,  and  smaller  still  that  the  analysis  which 
follows,  fairly  represents  its  quality  as  "  run  of  mine."  No  effort 
having  been  made  to  discriminate  between  members  which  in  good 
mining  practice  would  remain  unbroken,  the  more  reasonable  proba- 
bility is  that  a  single  sample  represent  the  coal  below  the  actual 
technical  grade  it  would  have  if  skilfully  mined  for  market.  In 
such  cases,  perhaps,  prepossessions  are  allowed  finally  to  govern,  for 
instances  not  a  few  may  be  found,  where  the  reporting  geologist 
assumes  or  conjectures,  after  all  is  done,  and  the  analysis  takes 
its  place  in  his  report,  that  it  is  above  the  average  if  unexpectedly 
favorable,  or  below  an  average  if  less  favorable  than  surmised.    The 
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prestige  of  a  state  geological  report  is  great,  and  its  authority  seldom 
questioned.  The  modus  operandi  of  sampling  is  seldom  called  in 
question,  and  is  seldom  explained  except  in  good  examples  of  dif- 
ferential or  fractional  sampling.  In  such  cases  the  presentation  of 
two  or  more  analyses  of  samples  from  a  single  seam  forces  their 
different  explanation  hy  separate  legeuds.  Similar  explanatory  notes, 
i-f  not  equally  compulsory,  are  scarcely  less  importaut  in  the  case  of 
single  sampling,  if  any  significance  is  to  be  given  to  the  analysis. 
Whether  it  represent  "run  of  mine"  as  prepared  for  market,  or  the 
whole  or  part  of  a  specific  sectional  measurement  of  a  coal  seam,  or 
whether  it  include  dividing  slates,  or  roof  and  bottom  benches  of 
impure  coal,  are  questions  vital  to  the  practical  interpretation  of 
every  analysis.  The  benefit  of  the  doubt  where  any  such  questions 
arise,  cannot  be  safely  given  to  the  coal.  It  bears,  for  the  time  being, 
whatever  character  it  derives  from  even  a  single  analysis,  if  there  be 
no  more  than  one,  especially  if  the  analysis  be  against  it.  If,  on  the 
other  hand,  the  analysis  be  in  its  favor,  any  error  in  the  estimation 
of  its  practical  value  is  the  sooner  discovered  the  greater  appear 
the  inducement  to  give  it  close  attention.  So  keen  is  the  competi- 
tion between  coal  districts,  and  so  redundant  for  the  present  time 
the  resources  of  our  great  bituminous  coal-fields,  that  mere  impres- 
sions against  a  coal  are  often  sufficient  to  condemn  it.  Inadequate 
sampling  or  unskilful  mining,  in  a  single  instance  perhaps,  has 
often  proved  sufficient  to  keep  back  the  industrial  development  of 
valuable  resources,  to  the  prejudice  not  only  of  local  interests  but 
also  of  interests  of  a  wider  scope.  Persons  among  the  more  sagacious 
and  experienced,  are  quickly  influenced  by  adverse  analyses,  without 
a  thought  given  to  the  widely  varying  conditions  under  which  sam- 
ples for  analysis  are  commonly  furnished. 

The  disappointment  to  a  close  inquirer  from  failure  in  significance 
of  an  analysis  for  want  of  particular  identification  of  the  sample, 
bears  no  reflection  upon  the  work  of  the  laboratory,  provided  the 
chemist  report  along  with  the  analysis  the  local  description  accom- 
panying the  sample  from  the  field.  But  it  is  wasted  labor  on  his  own, 
as  well  as  the  analyst's,  part  to  have  his  search  rewarded,  only  to  dis- 
cover it  to  be  void  of  significance  or  value  from  lack  of  specification 
of  the  parts  of  the  seam  represented  by  the  sample  analyzed.  When 
one  sample  and  one  analysis  has  to  do  duty  for  more  than  one, — all 
the  more  care  should  be  taken  to  insure  and  define  the  exact  iden- 
tity or  significance  of  the  sample.  No  scientific  importance  attaches 
to  the  analysis  of  a  single  hand  specimen  taken  from  the  stock-pile 
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of  a  coal  mine,  regardless  perhaps  of  the  length  of  time  it  has  been 
exposed  to  weathering  oxidation,  or  of  a  sample  broken  at  random 
from  the  breast  of  a  coal  seam,  or  worse  still  from  an  outcrop  inured 
to  weathering  for  immemorial  time.  It  does  not  alter  the  case, 
that  such  an  analysis  may  pass  current  among  persons  on  whom 
rests  no  resjionsibility  for  accuracy  in  such  matters,  or  concern  for 
errors  not  falling  upon  themselves. 

If  insufficient  or  indiscriminate  sampling  of  a  coal-scam  thus  de- 
prives an  analysis  not  only  of  scientific  importance  but  of  technical 
or  practical  value,  although  often  received  as  conclusive  in  the  ab- 
sence of  better  work  be  the  consequences  what  they  may ;  what 
degree  of  importance  can  be  claimed  for  purely  conjectural  infer- 
ences drawn  from  analyses  of  coals  as  to  the  particular  source,  the 
character  or  the  significance  of  the  samples — and  this  on  the  part  of 
the  reporting  officer  himself  who  furnished  the  samples  ?  Or  what 
may  be  the  measure  of  value  for  an  analysis  on  such  uncertain 
ground  as  to  what  it  represents  that  it  may  be  summarily  nega- 
tived by  prepossessions  from  the  field,  and  thus  proved  to  stand  for 
nothing  in  particular? 

In  such  inverse  order,  the  identity  or  significance  of  the  sample 
is  argued  from  the  analysis,  as  if  the  acceptance  of  a  sample  should 
leave  open  any  room  for  question  as  to  what  it  be  a  sample  of — 
whether  of  one  portion  of  the  seam  or  another,  of  the  whole  or  a  part, 
or  whether  it  include  or  not  certain  members.  Yet  numerous  instances 
can  becited  where  speculation  pure  and  simple,  or  inductive  reasoning, 
is  thus  called  into  requisition  to  dispose  of  questions  of  which  these  are 
general  examples,  and  which,  after  the  reporting  geologist  has  taken 
leave  of  his  field,  and  after  returns  from  the  laboratory  are  in  his 
hand,  it  is  altogether  too  late  to  propound  to  himself.  Such  analyses, 
it  may  be  contended,  whatever  may  be  the  excellence  of  their  exe- 
cution, are  less  satisfactory  for  any  serious  purpose  than  none  at  all. 
The  review  and  correction  at  the  hands  of  private  persons  of  hasty 
work  on  the  part  of  public  authorities,  are  beset  with  other  difficul- 
ties besides  those  of  the  problem  itself.  No  imputation  of  partiality 
or  prejudice  rests  upon  the  official.  From  the  mere  nature  of  the 
case  the  work  of  the  private  reviewer,  however,  so  far  as  it  is 
amendatory,  partakes  of  the  character  of  special  pleading.  Extra 
work,  perhaps  often  repeated,  and  a  wider  range  of  work  than  other- 
wise, are  therefore  entailed  upon  him  if  he  undertake  to  demonstrate 
the  qualifying  conditions  under  which  a  coal-bed  is  really  better 
than  it  may  have  once  been  pronounced.     Despite  an  analysis  suf- 
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ficiently  unfavorable  to  condemn  prima  facie  any  coal  when  indis- 
criminately sampled,  or  when  impurities  have  been  included  in  the 
sample  which  never  would  be  included  in  the  mine  product,  a  coal 
may  actually  prove  to  be  unexceptionable  when  sampled  according 
to  its  requisite  technical  treatment.  In  any  of  the  reputable  instances 
above  cited  where  complex  seams  are  mined  free  from  objectionable 
members,  it  is  certain  that  samples  from  mined  and  rejected  members 
alike,  would  result  in  analyses  fatal  to  the  coal  in  its  very  best  markets. 
Is  it  too  much  to  impose  on  a  geological  survey  that  the  study  of  a 
coal-seam  in  its  topographical  and  stratigraphical  relations,  be  ex- 
tended to  its  economic  conditions  from  an  engineering  or  practical 
point  of  view  ?  That  this  is  incumbent  on  a  survey  which  freely 
passes  judgment  ex  cathedra  on  the  practical  qualities  and  condi- 
tions of  coal-seams,  wmH  not  be  questioned.  Yet  reference  to  the 
reports  of  some  of  our  recent  state  geological  surveys,  will  convince 
the  inquirer  that  the  engineering  skill  applied  in  the  field  is  not 
always  a  sufficient  warrant  for  the  degree  of  confidence  with  which 
final  judgment  is  offered  in  such  matters.  This  is  more  generally 
the  case  in  undeveloped  districts  where  good  practice  has  not  led 
the  way  to  a  critical  discrimination  between  divisions  of  u  coal-seam, 
or  between  different  members  of  local  sections  of  the  coal-measures. 
Under  such  circumstances  an  official  survey  owes  more  to  industrial 
interests  than  in  undeveloped  districts  it  returns  in-kind.  Yet  an 
official  survey  is  presumed  to  guide  rather  than  to  follow,  and  in 
collating  known  facts  in  a  develojied  field,  to  apply  them  a  priori 
in  an  undeveloped  field.  In  its  relations  to  industry  an  economic 
survey  is  presumed  to  exercise  foresight  as  well  as  skill,  and,  what- 
ever be  the  measure  of  its  actual  performance,  is  believed  to  be  wise 
in  both. 

Important  and  always  welcome  as  aid  from  skilled  mining  must 
be  considered,  the  lack  of  it  does  not  absolve  an' official  survey  from 
the  duty  of  locally  determining  the  working  conditions  of  a  coal-seam 
from  its  exhibition  in  rude  openings,  however  narrow  the  compass 
of  the  observation,  provided  this  qualification  be  specific.  In  the 
lack  of  mining  operations  on  an  industrial  scale,  the  field  observer  is 
called  upon  to  consider  their  practicability.  Yet  it  is  far  from  safe 
to  take  bad  work  as  an  exponent  of  good  work.  Of  what  good 
practice  would  be  on  an  industrial  scale,  the  makeshifts  of  the  modest 
coal  bank,  wrought  only  for  domestic  supj)ly,  or  to  meet  a  local  de- 
mand— not  overnice  as  to  the  quality  of  the  product — indicate  but 
little.     As  a  rule  no  discrimination  is  used  against  top  and  bottom, 
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slaty  tir  sulpluiroiij!  benches,  all  being  gladly  taken  for  coal  which 
fails  nniler  the  pick.  Good  fanners  make  bad  miners.  This  is  no 
less  the  rule  than  conversely  it  is  exceptional  to  recognize  a  good 
farmer  in  a  good  miner. 

HandicapjH\l  as  an  undeveloped  coal  area  always  is  through  the 
lack  of  gcHxl  examples  of  practice,  and  of  facilities  for  comparative 
observations,  it  behooves  an  official  survey  to  make  the  best  of  what 
means  may  be  f(nind  for  the  anatomical  and  analytical  study  of  its 
coal-seams,  and,  in  this  branch  of  study  at  least,  to  be  found  when 
at  an  end  in  advance  of  industrial  operations.  To  have  them  fol- 
lowe<l  up.  even  though  from  far  in  the  rear,  and  finally  chronicled,  is 
sjitisfactory  to  all.  But  this  is  only  one  of  the  minor  offices  of  a  survey. 
The  conservatism  which  shrinks  from  the  responsibility  of  leading, 
and  from  the  danger  of  misleading,  where  industry  luis  not  gone 
before,  is  little  likely  to  err  from  positive  opinions  in  practical  mat- 
ters, but  to  hedge  in  such  as  it  offers,  and  to  stand  non-committed 
to  all  where  condemnation  does  not  seem  perfectly  safe  by  the  dis- 
covery of  no  ground  for  challenge.  In  some  recent  reports  this 
disposition  is  altogether  too  apparent.  Courage  of  opinion  is  spe- 
cially commendable  in  the  report  of  a  public  survey.  Limited  in 
scope,  as  in  point  of  time  it  must  needs  be  as  long  as  the  survey 
itself  is  an  establishment  but  for  a  short  period,  nobody  goes  to  it 
for  final  judgments.  Its  character  should  square  with  the  fact  that 
it  is  but  an  effort  in  the  way  of  systematic  inquiry,  which  it  is  its 
best  office  to  further,  and  by  its  opinions  freely  offered  to  stimulate, 
rather  than  to  finally  dispose  of.  Thus,  as  it  seems  to  me,  its 
procedure,  following  a  true  theory  of  the  nature  and  limitations  of 
its  field  of  work,  should  be  argumentative  rather  than  judicial. 

The  short  life  of  our  surveys  imposes  undue  haste  in  their  execu- 
tion. Their  maintenance  and  continuance  are  too  often  at  the  will 
of  the  legislature,  from  the  first,  perhaps,  indifferently  expressed  by 
a  vote  portentously  close.  At  the  peril  of  even  its  short  life  the 
voting  power  calls  for  propitiation.  In  what  manner  this  shall  be 
offered  is  a  question  presenting  itself  differently  in  each  case,  accord- 
ing to  the  different  personality  of  legislators  and  of  the  chief  of  the 
survey,  or,  haply,  of  an  intermediary  board  of  commissioners.  The 
usual  concession  seems  to  be  to  the  popular  notion  of  what  is  fair. 
And  it  is  considered  fair  that  the  distribution  of  work  shall  not  be 
otherwise  than  even  throughout  all  the  legislative  di.stricts  of  the 
state,  and  that  no  partiality  shall  be  discovered  in  favor  of  any  one, 
however  supremely  interesting  or  specially  important.     All  must  be 
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treated  alike  on  pain  of  raising  a  grievance,  and  perhaps  forfeiting 
a  majority,  the  very  breath  of  life  to  every  survey  however  hard  to 
keep. 

Regarding  an  official  survey  not  only  as  a  contract  but  as  a  sci- 
entific trust,  it  might  be  open  to  question  whether  it  be  an  act  of 
good  faith,  at  least  to  science,  on  the  part  of  its  followers  who  accept 
and  even  seek  the  charge  of  one,  to  do  so  on  such  unequal  and  com- 
promising terms  as  its  limitation  to  a  period  and  to  a  cost  clearly 
inadequate  to  the  best  performance  of  more  than  a  small  part  of 
what  is  called  for  by  the  bill  which  creates  it,  and  which,  with  all 
its  restrictions,  the  most  promising  candidate  in  the  field  is  the  per- 
son most  likely  to  have  drawn  up.  It  might  be  held,  in  justification 
for  such  things,  that  if  surveys  did  not  come  into  good  hands  even 
in  this  way  they  might  fall  into  bad.  This  cannot  be  denied.  And, 
unfortunately,  no  high  standard  of  work  can  be  uncompromisingly 
fixed  and  evenly  maintained  until  state  surveys  come  to  be  consti- 
tuted as  a  continuous  service  like  those  of  the  more  enlightened 
countries  of  Europe.  It  were  idle  to  hope  that  on  any  other  basis 
than  a  permanent  one,  a  practicable  plan  for  their  organization  can 
be  devised  which  shall  warrant  the  exaction  of  a  high  class  of 
■work  up  to  the  best  European  examples  of  public  surveys.  Methods 
of  work  involving  close  attention  to  details  in  various  branches  of 
study  on  the  part  of  a  single  division  of  a  survey  are  vainly  in- 
sisted upon,  under  the  exigencies  of  surveying  the  wide  expanse  of  a 
whole  county  within  the  limits  of  a  single  summer.  Thus  the  recon- 
noissance  takes  the  place  of  a  survey — especially  in  undeveloped  dis- 
tricts, and  hence  wide  differences  in  the  grade  of  work  in  such  dis- 
tricts as  compared  with  that  in  the  better  developed  districts.  This 
difference  often  appears  out  of  proportion  to  the  relative  difference 
in  available  facilities  for  observation  and  study. 

The  same  expedition  cannot  be  used  in  both  cases,  nor  in  both  is 
the  requisite  work  of  the  same  kind.  Meagre  and  inconclusive  as 
results  from  an  undeveloped  field  may  be,  their  cost  in  time  and 
labor  may  be  far  greater  than  in  the  case  of  a  richer  showing  from 
a  field  which  industry  beforehand  has  opened  to  view.  Regardless 
of  inequalities  of  this  sort,  the  public  is  apt  to  gauge  the  perform- 
ance of  a  survey — not  literally  by  the  pound  of  publication — but, 
what  is  about  the  same  thing,  by  the  volume  of  its  reports. 

The  evil  of  bad  sampling  is  far  from  being  confined  to  its  partic- 
ular instance.  Whether  of  coal  as  a  product  or  of  coal  as  the  type 
of  the  local  occurrence  of  a  coal-seam,  the  analysis  is  usually  accepted 
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for  what  it  is  offered,  without  critical  retrospect  as  to  the  sample, 
or  inquiry  into  the  act  of  sampling.  The  uses  to  which  it  may  be 
put  are  various,  inchuling  scientific,  technical  and  commercial  uses. 
It  goes  into  the  literature  of  the  subject,  and  passes  current  among 
the  demonstrations  of  science  and  the  arts.  It  enters  into  the  careful 
tabulations  from  which  mean  averages  are  cast,  comparisons  made 
and  generalizations  drawn. 

It  is  in  no  captious  spirit  that  in  the  course  of  such  uncomplacent 
remarks,  I  refer  again  to  the  extensive  series  of  proximate  analyses 
of  bituminous  coals  published  by  the  present  geological  survey  of 
Pennsvlvania.  Its  wide  rangre  and  the  hi^h  estimation  to  be  ac- 
corded  to  official  authority,  invest  this  series  with  special  import- 
ance, representing,  as  it  does,  the  various  types  and  local  differences 
which  give  cliaracter  to  the  largest  and  best-developed  part  of  the 
great  Allegheny  coal-field.  The  uniform  skill  which  this  series 
exhibits  on  the  part  of  the  analyst,  is  beyond  question,  and  the 
assiduity  of  which  it  is  the  evidence,  on  the  part  of  the  same  officer, 
remarkable  and  even  surprising  if  it  be  considered  how  brief  is  the 
period  within  which  it  has  been  accomplished.  The  concrete  and 
systematic  form  of  its  summaries,  as  issued  from  the  laboratory  of 
the  survey,  renders  it  specially  available  for  the  present  purpose  of 
illustration. 

Taking  this  series  of  analyses  along  with  the  several  contexts  in 
the  form  of  descriptive  reports,  it  does  not  fail  to  afford  notable 
examples  of  good  and  faithful  sampling  of  coal-seams  preliminary  to 
analysis,  including  differential  or  fractional  sampling  in  certain  cases, 
especially  where  industry  had  already  indicated  the  practical  dif- 
ferences to  be  observed.  In  such  cases,  the  circumstances  which 
governed  the  sampling  are  duly  recorded  in  the  texts,  and  the  cor- 
responding analyses  defined  accordingly  in  the  special  publications 
of  the  analyst  along  with  the  report  of  his  work.  Many  individual 
instances  of  good  practice  leave  little  if  any  room  for  improve- 
ment. But  instances  of  undefined  analyses  proceeding  from  indefi- 
nite sampling,  as  shown  by  the  texts,  are  still  more  numerous.  It  is 
not  necessary  to  specify  these.  Suffice  it  to  remark  in  a  general  way, 
that  they  well  serve  to  illustrate  the  several  points  to  which  my  sub- 
ject directs  attention. 

A  climax  of  the  evils  I  have  referred  to  as  arising  from  inadver- 
tent or  indiscriminate  sampling,  is  witnessed  when  analyses,  qualified 
by  nothing  better  for  such  good  company,  are  given  place  along 
with  such  as  the  descriptive  text  reflects  no  doubt  or  discredit 
upon. 
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In  order  to  exhibit  the  centesimal  proportion  of  sulphur  in  Penn- 
sylvania bituminous  coals,  I  once*  took  occasion  to  cite  some  of  the 
mean  averages  deduced  from  one  of  its  own  tables  of  analyses  by  the 
present  geological  survey  of  that  state. f 

Upon  a  close  examination  of  this  table,  I  now  perceive  that  all 
deductions  from  it  as  a  whole  are  vitiated  by  factors  which  render 
it  useless  for  purposes  of  generalization.  Notwithstanding  all  the 
facilities  that  ever  offered  must  have  been  enjoyed  by  the  tabulator 
for  distinguishing  between  the  analyses  according  to  what  they  repre- 
sent, the  mean  averages  are  from  a  list  which  includes,  along  with 
examples  of  merchantable  coal,  not  only  examples  of  condemned 
coal  from  abandoned  workings,  but  also  foreign  substances  such  as 
unmined  roof  and  bottom  benches  in  their  relation  to  workable 
coal  are  really  to  be  considered.  Who  can  sift  from  liis  averages 
such  destroying  elements  if  not  the  tabulator  himself?  Even  after 
recourse  to  the  texts  and  the  recognition  of  the  grosser  intrusions, 
still  a  number  of  equivocal  examples  remain.  Hence  the  trouble- 
some elimination  of  certain  factors  and  the  recasting  of  averages 
still  leave  deductions  from  it  open  to  question. 

In  its  bearing,  for  example,  on  the  sulphur  ratio  as  shown  by  mean 
averages  from  parts,  or  from  the  whole,  of  the  list  in  question,  it  is 
found  to  include,  along  with  other  at  least  questionable  company, 
samples  from  parts  of  coal-seams  so  rich  in  sulphur  as  to  be  without 
standing  in  a  list  of  merchantable  coals,  for  which  indeed  perhaps 
nothing  in  the  text  is  claimed  to  qualify  them.  I  refer  to  samples 
characterized  by  sulphur  in  excess, — notably  from  roof  and  bottom 
members  of  coal  seams, — sufficient,  if  these  were  mined,  to  destroy 
the  commercial  value  of  their  better  members,  when  occurring  in 
relation  to  the  latter  in  any  such  proportion  as  to  call  for  special 
recognition. 

What  is  thus  to  be  said  of  the  sulphur  ratio  bears  with  equal 
force  upon  the  ratio  of  ash.  I  have  already  explained  that  the  more 
sulphurous  parts  of  coal-seams  are  often  likewise  the  more  slaty  por- 
tions, and  therefore  the  richest  in  ash.  Enough  has  been  adduced 
to  show  that  such  parts  of  coal-seams,  especially  objectionable  roof 
coal  and  bottom  coal,  are  seldom  extracted  except  in  mine  entries 
and  gangways  for  the  sake  of  giving  convenient  height  to  these 
thoroughfares.     Few,  if  any,  collieries  are  without  occurrences  of 

*  Kelalions  of  Sulphur  in  Coal  and  Coke,  by  the  writer.  These  Trans.,  viii., 
192. 

t  Report  M,  1875,  38. 
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pvritous  tx)al  in  more  or  less  concentrated  forms,  readily  admitting 
of  separation.  When  ocvnrring  botlily  in  the  interior  of  seams,  ex- 
cessively pyritous  coal  is  rejected  sooner  or  later,  wiierever  practi- 
cable, along  with  shaly  partings,  between  the  lamin;c  of  which  it  is 
commonly  deposited,  even  at  the  cost  of  sacrificing  adjacent  benches 
of  good  coal  if  necessary  to  insure  the  purity  of  the  product.  Thus 
quality  is  often  at  the  cost  of  quantity.  The  mean  average  quality 
of  a  coal-seam,  as  such,  is  therefore  generally  a  niatter  of  minor  in- 
terest. The  question  of  paramount  and  vital  importance  is  the  mean 
average  of  its  protluct  as  actually  rained  or  as  it  should  be  mined, 
and  as  finally  or  properly  prepared  for  market. 

Loose  practice  in  sampling  coals  for  analysis  tends  to  detract 
from  the  value  of  all  the  analyses  of  a  series,  however  well  executed 
all  may  be,  and  whatever  be  the  projK)rtion  of  the  number  of  those 
which  are  free  from  objection  on  the  grounds  above  noticed,  or  from 
questions  as  to  what  they  stand  for.  When  collected  into  tabular 
exhibits  without  means  for  discrimination,  and  when  employed  for 
mean  averages  without  discrimination  or  qualification,  it  is  not  to 
be  expected  that  in  comparison  with  quantitative  exhibits  of  other 
coals  they  will  appear  to  their  full  advantage. 

The  ratio  of  sulphur  and  ash  in  the  bituminous  coals  of  Penn- 
sylvania, already  deduced  by  the  present  geological  survey  of  that 
state  from  collations  of  analyses  in  gross,  without  discrimination  as 
to  the  widely  differing  practical  significance  of  the  samples  repre- 
sented, compare  either  unfavorably  with  similar  exhibits  properly 
prepared  to  show  these  ratios,  or  at  least  less  favorably  than  if  these 
ratios  were  reckoned,  not  as  they  vary  in  different  areas  of  a  single 
seam  but  as  possessed  by  coals  properly  mined  and  prepared  for  use. 

Averages  from  parts  of  the  same  exhibits  display  the  coals  of 
certain  sections  of  the  state  below  what  is  discovered  to  be  their 
grade  if  objectionable  factors  i)e  eliminated.  These  factors  are  not 
always  specifically  characterized,  nor  evenly  distributed  according  to 
the  grouping  of  localities.  Even  when  characterized  as  samples  from 
unworkable  seams  or  from  unworked  parts  of  seams,  their  analyses 
enter  nevertheless  into  the  averages  found  in  the  text,  and  from  these 
averages  general  deductions  are  drawn  and  comparisons  made.  Com- 
parisons of  divisional  averages  are  therefore  made  on  unequal  grounds, 
to  the  prejudice  of  certain  sections  of  the  state,  and  to  the  exalta- 
tion of  other  sections.  Coals  of  a  certain  section,  exhibited  below 
their  true  commercial  character,  may  seem  to  be  excelled  by  types 
known  to  be  inferior  from  another  section  of  the  state — perhaps  a 
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rival  in  its  coal  industry — from  other  states,  or  from  other  parts  of 
the  world.  Such  promiscuous  exhibits  are  almost  equally  unhappy 
even  when  not  already  geographically  grouped  or  used  for  purposes 
of  generalization,  as  they  are  always  liable  to  be  rearranged,  and  so 
used  in  whole  or  in  part.  The  grouping  of  coals  by  counties,  as  in 
Pennsylvania,  is  a  far  less  practical  arrangement  for  purposes  of  com- 
parison than  a  grouping  by  basins;  or,  still  better,  a  grouping  by 
coal  seams,  subordinate  perhaps  to  basins.  An  omnium  gatherum  of 
analyses  of  all  the  miscellaneous  material  sent  in  from  the  field  can 
prove  no  title  to  be  considered  an  exhibit  of  coals  of  the  state,  how- 
ever grouped.  As  an  exhibit,  as  a  whole  or  as  dissected  into  minor 
parts,  failure  of  averages  from  it  is  on  the  side  adverse  to  the 
better  qualitativ^e  conditions  of  the  examples.  That  the  bituminous 
coals  of  Pennsylvania  are  of  so  supremely  high  a  quality  as  not 
to  show  up  only  indifferently  well  when  averaged  along  with  ex- 
traneous or  top  and  bottom  slates  and  bony  coal,  or  with  earthy  or 
sulphurous  by-products,  as  well  as  with  local  occurrences  of  con- 
demned coal,  is  indeed  too  much  to  expect. 

The  following  illustrations  in  brief,  from  tabulations  of  the  Second 
Geological  Survey  of  Pennsylvania,  will,  it  seems  to  me,  bear  out  the 
preceding  remarks. 

By  way  of  exhibiting  the  quantitative  relations  of  iron  and  sul- 
phur in  representative  coals,  a  series  of  excellent  analyses  is  offered, 
consisting  of  28  examples  of  coals  from  different  parts  of  the  state 
(Report  M,  p.  26).  The  ratios  of  sulphur  incidental  to  this  inves- 
tigation prove  at  a  glance,  in  at  least  one-third  of  the  whole  num- 
ber of  examples,  in  excess  of  what  could  be  tolerated  in  merchant- 
able coal.  Without  stopping  to  inquire  whether  on  such  a  plan 
this  exhibit  does  not  defeat  its  own  end,  it  will  be  conceded  that  the 
selection  of  highly  sulphurous  material,  of  which  a  number  of  exam- 
ples are  proportionally  rich  in  ash,  outside  the  pale  of  merchanta- 
ble coal,  vitiates  all  general  deductions  from  such  an  exhibit  as  a 
whole  for  technical  purposes.  Generalizations  on  the  relations  of 
sulphur  from  percentages  of  7.611  and  8.350  in  the  case  of  the  out- 
crop of  an  undetermined  coal-bed  in  an  undeveloped  part  of  the 
Reynoldsville  gas-coal  basin,  so-called,  are  at  least  of  doubtful  utility 
(Report  M,  31-32),  Another  similar  example,  with  3.378  per  cent, 
of  sulphur,  is  from  the  lower  14-inch  bench  of  the  Lower  Freeport 
seam,  in  the  mine  of  the  Decatur  Coal  Company,  of  Clearfield  County 
(Report  H,  p.  48).  This  sulphurous  bench  is  separated  from  the 
main  bench  of  34  inches  by  2  inches  of  parting  slate.     Whatever 


DIFFERENTIAL    SAMrLIXG   OF   BITUMINOUS   COAL  SEAMS.      337 

be  the  pnictice  at  this  mine,  it  is  clear  that  such  a  tenor  of  sulphur 
is  enough  to  condemn  it,  ospooially  if  the  upper  bench  be  so  rich  in 
sulphur  (1.373)  as  to  sutfer  from  further  sulphurous  contamiua- 
tion. 

The  same  volume  (Report  ^I,  p.  38)  presents  another  tabulation  of 
85  analyses  useful  enough  in  themselves,  but  so  arranged  as  to  nullify 
whatever  quantitative  deductions  be  drawn  from  the  tabulation  as 
a  whole,  or  from  its  systematic  parts  as  divided  by  counties. 

The  several  j>ercentage  ratios  of  essential  parts  of  coals  are  neces- 
sarily reiluced  in  all  averages  which  include  examples  of  condemned 
coal  or  of  unmined  benches,  in  proportion  to  the  excess  of  the  latter 
in  sulphur  and  ash. 

The  ratio  of  sulphur  in  Clearfield  County  coals,  34  in  number, 
as  deduced  from  this  exhibit,  is  as  high  as  1.36  per  cent.  (Report  M, 
p.  30).  This  is  about  double  the  proportion  characteristic  of  the 
famous  steam  coal  afforded  by  the  Freeport  Lower  seam  on  the  Mo- 
shannon,  and  which  gives  character  to  the  extensive  coal  industry  of 
the  county.  The  average  of  ash,  as  determined  from  the  same  ex- 
amples (5.30  percent.)  (Report  M,  p.  29),  is  likewise  above  the  local 
standard  of  these  two  beds  as  mined  for  market.  These  ratios  are 
thus  unduly  large,  and  the  ratios  of  essential  parts  proportionally 
reduced  below  standard  by  including  in  the  averages  such  examples 
as  one  from  the  rejected  lower  member  of  an  undetermined  coal- 
bed  near  Clearfield,  and  which  the  descriptive  text  condemns  on 
the  evidence  of  the  analysis  showing  sulphur  4.232  per  cent,  and 
ash  13.180  per  cent.  (Report  H,  91). 

The  percentage  of  ash  averaged  from  analyses  of  five  coals  from 
Centre  County,  and  representing  the  Snow-shoe  coal  region,  is  giveu 
as  5.38  (Report  M,  29).  This  is  swollen  by  a  single  factor  of 
10.450,  which  represents  the  ash  of  a  sample  of  the  Kittanning 
Lower  bed  (B),  and  which  as  an  average  the  descriptive  text  assumes 
to  be  "entirely  too  high."  It  may  be  remarked  in  passing  that  refer- 
ence to  the  section  of  the  seam  in  this  instance,  will  suggest  a  fine 
example  for  differential  sampling  (Report  H,  71).  The  mean  aver- 
age of  ash  in  the  four  unobjectionable  samples,  is  4.120  per  cent. 
The  difference,  though  slight,  goes  to  the  credit  of  the  combustible 
parts  of  the  coals. 

The  coals  of  Jefferson  County,  including  those  of  the  Reynoldsville 

ga.s-coal   basin    so  called,   suffer  from   the   intrusion  of   examples 

from  unworked  and  so-specified  benches  of  the  Lower  Freeport  bed,. 

in  the  Diamond  Colliery  (Report  H,  153),  carrying  sulphur  in  the 
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percentage  proportions  of  3.101  and  2.284,  and  ash  as  high  as  19.170 
and  8.400  i-espectively.  The  text  in  this  instance  exhibits  a  fine 
model  of  differential  sampling.  A  sample  from  the  outcrop  of  an 
undetermined  bed  of  the  Lower  Productive  series,  just  across  the  line 
of  Clearfield  County  and  known  as  Brown's  bank,  swells  the  average 
of  sulphur  and  ash  by  percentages  of  3.885  and  18.950  respectively. 
The  so-called  Creek  coal  of  Reynoldsville,  an  undetermined  mem- 
ber of  the  same  series,  with  3.593  per  cent,  of  sulphur  and  11.700  of 
ash;  and  the  Galusha  coal  from  the  outcrop  of  an  undetermined  bed 
in  the  northeastern  continuation  of  the  Reynoldsville  basin,  with 
7.140  per  cent,  of  sulphur,  contribute  inordinate  ratios  of  these  sub- 
stances to  the  account  of  the  coals  of  Jefferson  County.  Thus  de- 
duced from  37  examples  the  mean  averages  of  sulphur  and  ash  are 
given  as  1.518  per  cent,  and  5.45  per  cent,  respectively. 

To  the  Armstrong  County  list  of  six  coals,  it  must  be  objected 
that  two  of  the  number  are  examples  of  cannel  coal,  which  is  the 
local  occurrence  of  the  upper  jiortion  of  the  main  bench  of  the 
Kittanning  Upper  seam  in  the  Red  Bank  colliery  at  New  Bethle- 
hem. This  type  of  coal  in  general,  and  examples  like  these  in  par- 
ticular, with  percentages  of  ash  as  high  as  22.230  and  17.320,  are  out 
of  place  in  an  exposition  of  bituminous  coals  for  purposes  of  general 
average,  into  which  they  cannot  enter  without  confusion  to  all  mean 
determinations.  High  ratios  of  ash  must  be  borne  alone  by  cannels 
in  which  they  can  be  tolerated,  and  not  suffered  to  bear  against  all 
the  ratios  of  bituminous  coals,  which  is  the  effect  of  averaging  the 
two  varieties  together. 

The  coals  of  Armstrong  County  are  represented  by  six  examples 
of  the  miscellaneous  products  of  two  neighboring  workings  within 
the  limited  compass  of  an  abnormal  occurrence  of  the  Lower  Free- 
port  coal  in  the  vicinity  of  New  Bethlehem. 

The  fatally  high  sulphur  ratio  of  3.30  per  cent,  is  treated  as  an 
average  of  Clarion  County  coals  (Report  M,  30),  although  the  mean 
of  only  three  analyses,  two  being  in  duplicate,  and  the  third  repre- 
senting an  abandoned  opening  near  the  outcrop  at  Fairmount,  of 
the  precarious  Kittanning  Lower  coal,  with  percentages  of  8.427  of 
sulphur  and  13.70  of  ash.* 

In  a  later  volume  (Report  MM,  1879,  p.  124),  the  study  of  the 
relations  of  sulphur  and  iron  in  the  coals  of  Pennsylvania,  is  pursued 
on  the  same  plan,  to  which  I  am  constrained  to  object,  not  only  on 
the  ground  that  this  plan  unfits  the  general  results  obtained  for  the 

*  See  Report  VV,  105,  for  later  analyses. 
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practical  application  which  is  the  main  purpose  of  such  a  study, 
but  also  on  further  grounds  incidental  to  its  main  piirpose.  In  this 
table  25  coals  from  ditVoreut  seams  and  various  localities  yield  a 
mean  average  of  sulphur  as  high  as  2.138  per  cent.  An  average  so 
inordinate  from  so  large  a  number  of  coals  is  to  be  reached,  in 
Pennsylvania  at  least,  only  by  carrying  to  an  extreme  the  selection 
of  highly  sulphurous  examples,  which,  one  sees  at  a  glance,  repre- 
sent anything  but  the  merchantable  coals  of  the  state,  the  better 
resources  of  the  localities  cited,  or  the  better  developments  of  the 
coal-seams  instanced. 

Essential  or  fuel  ratios,  determined  from  a  collation  of  analyses, 
including  objectionable  examples  like  those  above  instanced,  mani- 
festly share  all  errors  of  the  class  referred  to. 

The  extent  to  which  fuel  ratios  are  sometimes  estimated  from 
analyses  taken  in  good  faith  without  close  inquiry  as  to  what  they 
represent,  and  treated  as  gradations  of  a  continuous  series  of  coals 
of  progressive  types,  may  be  witnessed  in  Dr.  Persifor  Frazer's 
deductions  from  the  same  series  of  analyses  to  which  exception  has 
here  been  taken  without  reflection  on  the  chemical  part  of  the  work, 
on  the  ground  that  many  of  them  do  not  represent  coals  at  all, 
while  others  stand  for  coals  which  fail  to  pass  for  fuels  (Report 
MM,  147). 

Again,  the  extent  to  which  the  fuel  ratios  are  affected  to  their 
detriment  by  sulphur  ratios,  may  be  inferred  from  Mr.  McCreath's 
trial  calculations,  by  way  of  calling  attention  to  differences  in  fuel 
ratios  when  is  taken  into  account  volatile  sulphur  alone,  which  the- 
oretically is  but  little  more  than  half  (y^g)  the  total  amount  of  the 
sulphur  attributable  to  pyrite  alone,*  and  less  than  half  the  amount 
represented  in  many  analyses.  This  difference,  however,  is  appre- 
ciable only  through  sulphur  in  such  excess  as  to  debar  the  sample 
from  all  such  general  investigations  of  coals,  advisedly  so  considered. f 
A  still  greater  difference  in  fuel  ratio  will  be  found  to  arise  from 
an  undue  proportion  of  ash,  and  when  this  as  well  as  sulphur  is  in 
excess  in  the  same  example,  as  often  happens,  it  is  clear  that  the 
resulting  fuel  ratio  must  widely  diverge  from  that  of  the  type  with 
which  such  an  example  has  local  affiliation.  Although  sul2:>hurous 
and  earthy  constituents,  quantitatively  considered,  are  simply  inci- 

*  See  Relations  of  Sulphur  in  Coal  and  Coke,  by  the  writer.  These  Trans.,  viii., 
195. 

t  If,  as  in  the  volumes  referred  to,  the  proportion  of  coke  be  oitimated  rather  than 
determined,  an  appreciable  error  arises  from  failure  to  allow  for  volatile  suli)lHir. 
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dental  in  their  relations  to  fuel  ratios,  they,  nevertheless,  may  be  so 
considerable  in  proportion  to  the  whole,  as  to  distort  the  fuel  ratio 
of  a  coal  quite  outside  the  range  of  what  belongs  to  its  type.  Enough 
has  been  said  to  indicate  the  frequency  with  which  such  disturbing  ex- 
amples of  coal  and  coaly  material  have  been  snfTered  to  stand  as  prem- 
ises for  recent  deductions  from  analytical  tables  of  Pennsylvania  coals. 

Unless  it  can  be  shown  that  the  calorific  constituents  of  earthy 
intercalations  of  coal-seams  exist  in  the  same  ratio  as  in  the  coal 
itself,  there  can  be  no  warrant,  in  the  classification  of  coals  by  fuel 
ratios  from  proximate  analyses,  for  disregarding  an  excess  of  ash 
attributable  to  such  intercalations  not  entering  as  impurities  into 
the  coal  as  produced  for  use. 

Without  stopping  to  inquire  what  are  the  true  relations  of  sulphur 
to  the  fuel  ratio  as  expressed  in  terms  of  a  proximate  analysis,  and 
instead  of  recognizing  any  necessity  for  recasting  Dr.  Frazer's  ratios, 
so  as  to  allow  for  volatile  sulphur  when  in  notable  proportion,  as 
proposed'  by  Mr,  McCreath  (Report  MM,  157),  it  seems  to  me 
that  it  would  be  better  to  incontinently  cast  out  all  examples  ex- 
ceeding the  practical  limits  of  both  sulphur  and  ash,  as  wholly  un- 
suited  to  the  purpose  of  such  generalizations,  and  as  fatally  subver- 
sive of  anything  like  a  continuous  classification  of  fuel  coals  wherever 
admitted.  It  is  the  sulphur  and  ash  ratios  of  the  bituminous  coals 
of  Pennsylvania  that  stand  in  foremost  need  of  being  recast  in  favor 
of  strictly  fuel  coals,  to  the  exclusion  of  any  without  title  to  be  so 
regarded.  A  correct  scheme  of  fuel  ratios  of  the  coals  of  the  state 
can  only  follow  a  revision  of  present  official  exhibits  of  their  ratios 
of  sulphur  and  ash. 

For  the  purpose  of  a  differential  sampling  of  a  bituminous  coal- 
seam  something  like  the  following  plan  will  ordinarily  answer. 
The  prefatory  remark  should  be  made,  that  every  case  should  be 
considered  by  itself  before  being  subordinated  to  any  general  rule. 

The  selection  of  the  section  should  be  in  observance  of  its  charac- 
ter as  locally  representative  of  the  seam.  If  this  be  not  exposed  by 
openings  or  outcrops  sufficient  in  size  or  number  to  indicate  what 
features  are  persistent,  the  question  of  the  representation  of  the  seam 
by  the  section  chosen  for  sampling  must  be  held  in  abeyance.  From 
the  nature  of  the  circumstances  under  which  coal-seams  are  sampled 
for  analysis,  this  must  remain  an  open  question  for  the  time  being. 
To  dismiss  it  with  an  assumption  leaves  it  open  as  before. 

No  question  should  remain  as  to  the  representation  of  the  given 
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section  by  the  sample  in  the  specific  way  it  be  undertaken  tliat  the 
sample  shall  represent  it:  that  is,  whether  as  a  whole  or  in  part, 
whether  with  or  without  specific  benches  or  partings,  whether  with 
or  without  allowance  tor  pyritous  intrusions  which  would  be  rejected 
in  mining. 

The  selection  of  the  section  made,  and  the  significance  of  the 
sampling  determined,  the  next  proceeding  is  to  break  down  the 
sample  so  that  it  shall  equally  represent  all  parts  of  the  section  under 
process  of  sampling.  This  is  a  piece  of  nice  work  in  which  the 
personal  equation  involves  good  latitude  for  error.  Up  to  this 
point  no  maxims  can  supersede  the  use  of  wise  discretion,  guided  by 
a  keen  eyesight — not,  however,  to  be  implicitly  trusted  under-ground 
until  well  composed  to  the  sudden  change  from  daylight. 

For  want  of  some  mechanical  device  for  equally  channeling  a 
breast  of  coal  under  process  of  sampling,  the  sampler  must  trust  to 
the  skilful  use  of  the  pick  in  his  own  hand.  The  miner's  coal-pick 
in  miniature  is  probably  the  handiest  implement  for  the  purpose. 
This  should  be  well  pointed.  Now  it  is  not  so  simple  and  easy  a 
matter  as  it  may  seem,  to  satisfy  oneself  as  to  the  equality  of  a  sec- 
tional cutting  of  a  breast  of  coal.  Coals  of  unlike  physical  proper- 
ties fall  unequally  under  the  channeling  of  the  pick.  A  friable 
columnar  coal  cuts  readily,  and  falls  perhaps  in  larger  lumps  than 
intended  from  beyond  the  line  of  grooving.  Lamellar  coal,  on  the 
other  hand,  breaks  less  freely  and  only  under  heavier  blows,  and  in 
a  state  perhaps  so  pulverulent  that  it  may  become  difficult  to  be 
satisfied  as  to  its  proper  proportional  quantity.  Splints  likewise 
refuse  to  be  broken  in  lumps,  and  slaty  and  bony  coals  still  more 
obstinately  without  force  and  perhaps  a  heavier  instrument.  Divid- 
ing slates  and  clay  break  according  to  their  consistency,  whether 
more  or  less  fissile  or  more  or  less  indurated.  Exceptions  to  the 
structural  tendencies  here  noted  are  not  uncommon.  The  compara- 
tive tenacity  and  resistance  opposed  to  the  pick  by  coals  of  different 
physical  structure  may  be  modified  by  still  further  differences  in 
bedding  and  cleavage. 

The  sample  taken  and  bagged,  a  systematic  plan  is  concluded 
nothing  short  of  the  record  of  the  act.  Nor  is  the  sampling  properly 
recorded  if  not  recorded  on  the  spot,  nor  sufficiently  if  not  fully  de- 
scribed in  detail,  or  if  anything  be  left  to  be  supplemented  by  the 
memory.  Xo  sample  is  worthy  of  analysis  on  which  oath  cannot  be 
taken  as  to  exactly  what  it  is  a  sample  of.  For  speculation  as  to 
the  sample  itself  in  its  relations  to  the  section  sampled,  no  room  can 
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be  allowed.  An  analysis  has  no  value  except  through  the  signifi- 
cance of  the  sample.  Significance  must  be  given  to  the  analysis  by 
the  sample — not  to  the  sample  by  the  analysis.  A  good  sampling 
can  be  known  only  by  its  record.  It  may  as  well  be  bad  as  to  be 
imperfectly  described,  so  as  to  leave  room  for  speculations  after 
analysis. 

It  would  be  well  always  to  consider  the  first  local  sampling  of  a 
coal-bed  as  tentative,  and  as  preliminary  to  further  investigation. 
One  sampling  is  not  enough  to  test  the  qualitative  conditions  of  any 
considerable  area  of  a  coal-bed,  and  as  a  matter  of  course  is  by  no 
means  even  a  final  test  of  the  section  sampled.  Every  analysis  pre- 
ceded by  critical  and  tentative  sampling,  offers  new  light  for  every 
successive  test.  The  first  general  sampling  of  the  whole  section  of 
a  coal-bed  often  suggests  the  necessity  for  sampling  it  differentially. 
This  is  especially  the  case  where  objectionable  benches  are  not  read- 
ily recognized  by  the  eye. 

I.  The  "run  of  mine"  can  approximately  be  determined  in  ad- 
vance of  actual  mining  in  the  case  of  a  coal-bed  presenting  coal  of 
different  qualities  in  benches  of  various  thickness,  if  these  have 
been  differentially  sampled  and  analyzed,  namely,  by  deducing  from 
the  several  analyses  new  proportions  in  ratios  of  the  sectional  meas- 
urement of  the  given  workable  benches. 

II.  Or,  similar  results  may  be  obtained  directly  in  the  laboratory, 
namely,  by  taking  a  sample,  dried  at  the  usual  temperature,  that 
shall  contain  by  weight  samples  of  the  given  workable  benches  in 
the  proportions  of  their  sectional  measurements. 

The  slight  error  arising  from  differences  in  specific  gravity  with 
the  same  type  of  coal  from  separate  benches  in  one  seam  will  be 
inappreciable,  and  far  less  than  is  likely  to  be  the  error  of  the  per- 
sonal equation  in  sampling  directly  from  a  stock-pile  for  run  of  mine. 

The  first  proposition  may  be  illustrated  by  a  single  example  of 
differential  sampling  of  the  Bloss  Coal  Bed  of  the  Blossburg  Coal 
Company,  by  Mr.  Franklin  Piatt,  at  Arnot,  in  the  Blossburg  Coal 
Basin,  taken  in  connection  with  its  section  and  with  Mr.  McOreath's 
analyses  of  the  separate  benches.  (Report  G,  Second  Geological 
Survey  of  Pennsylvania,  p.  180.) 

These  analyses  are  here  presented  in  tabular  form,  together  with 
my  own  deduction  therefrom  in  a  fourth  column,  by  way  of  showing 
the  centesimal  composition  of  run-of-minc. 
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AVEKAGE    SECTION    OF   TIIK   BLOSS   COAL-RED,   OF   THE    BLOSS- 
BUKll  COAL  COMPANY,  AllNOT,  TIOC.A  CO.,  PA.* 

Roof  slate 

I.  Coal,  top  benoli,  average,       .         .        .        .         .        .1'  0''' 

Slate,     .         .        .       ^ 0'  V 

11    Coal,  uikliUe  boiioij,  average, 0'  8'' 

Bone  eoal,  n'jeoted,        .......     0'  2'^ 

III.  Cojil,  bottom  bench,  average,  .        .        .        .        .1''  8''^ 

Slate.t 0'  i'' 

Coal,  "  bearing  in  "  bench,  rejected,      .         .         .         .0''  8''^ 
Fire-clay  floor, 

4/  7// 
ANALYSES  OF  BENCHES  I,  II,  AND  III.    BY  ANDREW  S.  McCREATH.J 


I. 

II. 

III. 

Water, 

.      1.190 

0940 

1.110 

Volatile  matter, 

.     20.755 

20.640 

18.790 

Fixetl  carbon, 

.     71.G97 

64.306 

63.428 

Snlphur, 

.       1.023 

0.914 

0.602 

Ash,      . 

.       5.335 

13.200 

16.070 

100.000      100.000      100.000 

KUN-OF-MINE  FROM  MEAN  AVERAGE  OF  ABOVE  ANALYSES  IN 
PROPORTION  TO  THE  GIVEN  THICKNESSES  OF  THE  WORKA- 
BLE BENCHES. 

Water, '      .         .       1.1000 

Volatile  matter, 19.7495 

Fixetl  carbon,  .         .' 66.0843 

Sulphur, 0.7907 

Ash 12.2755 

100.0000? 

*  Report  G,  p.  180. 

t  This  division  is  obscurely  given  in  the  text.  I  therefore  give  it  as  4^^,  wliich 
is  stated  by  Mr.  H.  J.  Landrus,  manager,  to  be  its  fair  average  from  a  maximum 
of  12'''  in  places  where  first  opened  to  nothing  in  the  larger  part  of  the  mine, 

t  Report  G,  p.  181. 

§  A  similar  mode  of  differential  sampling,  and  of  sectional  average  of  analyses,  may 
be  applied  to  other  comparatively  homogeneous  minerals  like  iron  ores,  in  situ, 
under  certain  circumstances.  For  example,  a  nice  question  recently  before  the 
courts  of  Pennsylvania  was  as  to  the  average  quality,  incidental  to  the  question  of 
quantity,  of  the  Clinton  or  fossil  ores  of  a  certain  part  of  their  range  in  the  eastern 
flank  of  Tussey  Mt.,  in  Bedford  County.  The  experts  on  both  sides  of  the  question 
(for  there  seem  to  be  two  sides  to  every  question  of  fact  as  well  as  of  opinion  in 
such  matters  under  adjudication)  were  nearer  in  accord  as  to  sectional  measure- 
ments of  the  two  nearly  homogeneous  divisions  of  the  ore-belt,  as  presented  in  specific 
cuttings,  than  they  were  upon  the  practical  question  of  mean  average  quality  as 
exhibited  by  these  cuttings.  No  empirical  plan  for  tlie  solution  of  sucii  a  question, 
in  cases  of  this  limited  kind,  seems  to  be  so  free  from  objection  as  that  here  suggestec'. 
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It  will  now  be  proper  to  ask  wiiat  shall  be  considered  to  be  the 
maximums  of  sulphur  and  ash  in  merchantable  coals?  This  ques- 
tion will  be  answered  differently  in  every  region,  and  even  in  the 
same  region  at  different  periods.  The  exigencies  of  every  coal  re- 
gion, its  resources  and  its  trade  conditions  at  any  given  time  deter- 
mine the  answer  to  such  a  question.  Governed  by  conditions  of  trade, 
including  railroad  facilities  and  distance  of  market,  competition 
between  different  regions  or  between  parts  of  a  single  region,  goes 
quite  as  far  toward  deciding  the  matter  as  relative  degrees  of  purity 
of  coals,  or  as  considerations  of  general  and  local  supply  and  de- 
rriand.  Personal  considerations  are  often  not  without  share  in  the 
matter.  Hence  exceptions  to  the  general  proposition  that  an  indif- 
ferent quality  of  coal  may  retain  its  hold  on  its  market  until  met 
on  equal  terms  with  coal  of  a  better  quality.  For  the  poorer  quality 
is  not  always  supplanted  by  the  better.  A  large  class  of  consumers 
of  coal  are  not  so  far  above  caprice  or  prejudice  that  the  standing  of 
a  coal  in  the  market  is  wholly  upon  its  merit.  Besides,  the  latitude 
between  the  cost  of  certain  coals  in  a  given  market  is  often  wider 
than  the  range  of  difference  in  quality.  Fuels  like  ores  do  not  take 
their  standing  in  the  market  from  constituent  units.  This  is  due 
to  the  lack  of  expeditious  and  popular  means  of  analysis,  in  cost 
and  labor  not  out  of  keeping  with  the  value  of  results  applied  on  a 
moderate  scale.  Until  their  comparative  values  are  made  up  from 
both  sides  of  an  account  between  essential  and  non-essential  units, 
coals  will  continue  to  present  a  remarkable  example  of  a  great  sta])le 
Mdiose  values  are  arbitrary. 

In  place  of  quantitative  limits,  certain  limits  of  practical  effect 
are  observed  by  almost  every  large  consumer.  Yet  again  these 
limits  in  practice  will  be  found  to  vary,  as  vary  local  considerations 
of  comparative  cost  and  of  supply  and  demand.  Thus  it  is  clearly 
impracticable  to  draw  hard  and  fast  lines  which  the  ratios  of  sulphur 
and  ash  shall  not  pass  without  forfeiting  the  right  of  a  coal  to 
commercial  standing.  Nor  should  the  recognition  of  the  practical 
standing  of  coals  be  on  such  narrow  grounds  as  to  include  only  such 
as  find  a  way  to  market,  to  the  exclusion  of  that  large  part  of  the 
coal  production  of  the  United  States  to  be  distinguished  as  "  native" 
raw  material  for  industrial  works.  It  is  the  producer  of  coal  rather 
than  the  consumer  who  knows  from  experience  what  are  the  limits 
which  cannot  be  exceeded,  and  how  far  it  is  prudent  to  approach 
even  these.  To  his  standards  therefore  is  the  proposed  question  at 
present  to  be  referred.     These  will  be  found  to  vary  according  to 
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tlie  varyiiiir  doirroe  of  toleration  by  industry  and  trade,  as  determined 
by  their  necessities  and  by  economical  considerations.  Indelinitc  as 
the  answer  must  be,  it  suffices  nevertheless  for  the  purpose  of  the 
pi-esent  inquiry  in  the  interest  of  coals  strictly  regarded  as  fuels. 
The  title  of  a  questionable  coal  to  rank  among  fuels  is  indefeasible 
if  the  coal  be  used  on  a  considerable  scale.  But  the  burden  of  proof 
rests  with  the  coal.  Local  and  even  popular  use  for  domestic  sup- 
ply and  sugar-boiling  is  however  not  to  be  considered  general  or 
technical  use  in  the  sense  here  considered. 

The  coals  of  the  Middle  States,  invaluable  to  the  industrial  re- 
sources and  ]>rosperity  of  these  states  in  their  own  field,  clear  of 
competition  with  coals  of  a  superior  type,  would  on  equal  terms  with 
those  of  Virginia  and  Pennsylvania,  for  example,  be  handicapped 
by  their  high  ratios  of  constant  moisture.  So  too  with  the  coals  of 
Pennsylvania  itself.  Barclay  and  Blossburg  coals  enjoy  a  larger  field 
of  trade  than  falls  to  the  lot  of  better  coals  in  other  markets  open  to 
competition,  and  with  still  further  odds  in  their  favor.  Broad  Top  coal 
which  replaced  the  production  of  the  Cumberland  mines  when  inter- 
rupted by  the  War  of  the  Rebellion,  lost  its  vantage-ground  through 
careless  mining,  and  was  easily  supplanted  by  Cumberland  coal  on 
its  return  to  market.  Coal  which  proves  highly  acceptable  for  the 
coal  trade  supplied  by  the  Baltimore  and  Ohio  Railroad  from  Som- 
erset and-  Fayette  counties  would  be  received  on  a  less  favorable 
footing  along  the  line  of  the  Pennsylvania  Railroad  in  competition 
with  the  coals  of  Clearfield  County.  The  coals  of  the  Conemaugh 
in  Cambria  County,  which  enter  so  largely  into  commanding  local 
industries  and  for  whose  purpose  they  leave  so  little  further  to  be 
desired,  are  scarcely  fitted  and  have  never  essayed  to  contest  a  market 
with  coals  from  the  Moshannon,  Snow-shoe  and  Reynoldsville  dis- 
tricts of  the  adjoining  county  although  from  the  same  seams.  While 
in  such  examples  other  qualitative  differences  weigh  besides  those 
aflPected  by  ratios  of  ash  and  sulphur,  all  points  of  objection  may  be 
considered  in  brief  for  the  present  purpose  of  illustration. 

The  "stocking"  qualities  of  a  coal  have  a  good  deal  to  do  with 
its  standing  in  some  markets.  These  depend  upon  its  frangibility, 
itself  a  condition  of  the  divisional  structure  of  the  coal  as  imparted 
by  cleavage  and  to  a  minor  degree  by  lamination,  or  as  a  condition 
resulting  from  a  high  degree  of  purity.  Sound  coals  poorest  in  ash 
and  proportionally  rich  in  bituminous  matters,  are  generally  the 
most  friable.  Of  such  a  character  are  some  of  our  best  steam  coals, 
like  the  Clearfield.     Conversely,  coals  rich  in  ash  are  commonly 
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tenacious,  and  the  more  so  the  nearer  they  approach  tlie  character 
of  a  splint.  Laminated  coals  possessing  even  a  low  degree  of  cleav- 
age are  rendered  friable  by  diffused  pyrite  (marcasite)  in  the  process 
of  weathering.  (See  memoir  by  the  writer  On  Atmospheric  Oxida- 
tion or  Weathering  of  Coal.    These  Transactions,  viii.,  1880,  p.  215.) 

To  be  more  specific,  a  high  degree  of  primary  frangibility  in 
freshly-mined  bituminous  coal  may  generally  be  accepted  as  an  evi- 
dence of  purity,  when  resulting  from  the  columnar  cleavage  and 
brittleness  of  lustrous  and  highly  bituminous  laminae.  For  these 
are  the  attributes  of  a  bituminous  coal,  composed  of  such  laminae 
poor  in  ash,  when  these  are  not  in  minute  alternation  with  cannel- 
like  laminae  comparatively  rich  in  ash.  It  is  the  cannel-like  laminae 
which  impart  firmness  and  tenacity  to  prismatic  coals,  and  the  more 
as  coals  of  this  type  approach  the  character  of  splint  or  of  cannel. 
Bituminous  coals,  free  from  slate,  are  therefore  as  a  rule  the  more 
tenacious  and  blocky  in  about  the  same  measure  that  they  exceed  the 
minimum  of  ash  and  the  more  friable  in  the  measure  of  their  purity. 
The  rule  is  not  affected  by  the  fact  that  minute  intrusions  of  earthy 
sediments,  still  richer  in  ash,  often  impart  to  freshly  won  coal  of 
both  classes  a  special  tenacity,  which  however  generally  relaxes 
rapidly  on  exposure.  The  common  association  of  pyrite  with  such 
earthy  sediments  in  coals  induces  what  may  be  called  secondary 
f rang ibilify,  as  a  result  of  weathering :  M'hence  the  poor  stocking 
qualities  of  some  bituminous  coals.  Such  qualities  again  bear  some 
relation  to  the  ratio  of  sulphur  and  likewise  of  ash. 

If  specific  maximums  of  sulphur  and  ash  cannot  be  given,  or  the 
points  fixed  where  undue  proportions  of  these  constituents  become 
prohibitory,  it  may  be  asked  what  are  the  practical  effects  by  which 
excess  of  these  constituents  shall  be  decided  ? 

I  have  in  a  former  paper  discussed  the  relations  of  sulphur  in 
mineral  fuels  with  some  reference  to  that  part  of  this  technical 
question.  (Relations  of  Sulphur  in  Coal  and  Coke.  These  Trans- 
actions, viii.,  1880,  p.  181.) 

In  conclusion  of  the  present  remarks  a  few  words  will  suffice  ou 
questionable  proportions  of  ash  in  bituminous  coals  without  refer- 
ence to  its  qualitative  relations  in  technical  uses.  The  point  then 
to  be  considered  is  simply  the  calorific  efficiency  of  mineral  fuel  in 
relation  not  to  low  ratios  of  ash  which  are  inevitable  and  all  but 
essential,  but  to  proportions  so  considerable  on  the  one  hand  as  to 
become  questionable,  and  on  the  other  hand  so  large  as  to  be  pro- 
hibitory. 
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Sucli  questions  practically  considered,  apart  from  the  refinements 
of  the  subject,  often  turn  on  other  considerations  besides  those  strictly 
appertaining  to  the  ultimate  constitution  and  physical  conditions  of 
coal.  It  is  probable  that  they  are  generally  quite  as  susceptible  of 
satisfactory  solution  by  simple  arithmetical  ]>roccss  as  by  defective 
methods  of  experimental  demonstration  and  comparison.  Thus  in 
proportion  to  the  ash  of  a  coal,  without  reference  to  its  water  and 
the  heat  of  combustion  absorbed  thereby,  it  will  be  easy  to  reckon 
the  dead  weight  at  which  such  matter,  regarded  simply  as  inert, 
is  invoiced,  and  on  which  freight  and  labor  are  paid,  and  perhaps 
commissions  and  interest.  So  too  any  question  of  water,  whether 
hygroscopic  or  adventitious.  In  the  case  of  western  coals  and 
those  of  the  interior  continental  basin,  this  question  sometimes  be- 
comes important.  (Some  such  process  must  be  employed,  or  at 
least  comparisons  practically  instituted,  to  justify  the  extensive  im- 
portation of  coals  from  western  Pennsylvania  and  West  Virginia, 
for  the  use  of  blast  furnaces  on  the  Ohio,  in  competition  with  native 
coals  of  the  same  type  rich  in  water,  if  not  in  sulphur  and  ash.) 
The  calorific  power  of  coals  must  be  diminished  by  heat  units  ab- 
sorbed by  ash  and  water,  and  must  be  in  some  simple  inverse  pro- 
portion to  these  constituents,  whatever  may  be  the  complexity  of 
the  conditions  aftecting  their  calorific  constituents.  So  much  at 
least  can  be  relatively  determined  toward  the  calorific  value  of  coals 
comparatively  considered. 

Actual  trial  and  comparison  on  an  industrial  scale,  or  ordinary  ex- 
periment on  a  reduced  scale,  affords  direct  results  conclusive  only  for 
the  given  conditions.  Indirect  results  fi'om  comparison  of  ratios  of 
proximate  constituents  referred  to  some  experimental  results,  like 
Johnson's,  are  scarcely  to  be  regarded  as  approximate  even  for  the 
conditions  assumed  by  such  standards  of  reference — if  for  no  other 
reason — for  want  of  gradations  enough  among  available  standards  for 
comparison  to  furnish  exact  counterparts  of  given  conditions. 

It  is  surprising  to  find  Johnson's  comparisons  of  the  evaporative 
efficiency  of  some  40  examples  known  to  the  coal  trade  of  some  34 
years  ago,  still  doing  duty  in  this  country  by  way  of  furnishing 
exem])lars  of  a  specific  performance  of  coal  with  a  given  proximate 
constitution.  But  it  is  still  more  surprising  to  find  the  army  to-day 
following  the  navy  a  thii'd  of  a  century  behind,  with  another  series 
of  experiments  on  the  same  now  antiquated  plan.  I  refer  to  the 
researches  into  the  evaporative  efficiency  of  some  34  American  and 
a  few  foreign  coals,  with  reference  to  their  merits  as  military  sup- 
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plies,  in  the  interest  of  tlie  Quartermaster-General's  Office,  under 
the  immediate  auspices  of  which  they  were  made  at  Washington. 
(Fuel  for  the  Array.  War  Dep't,  1882.)  From  the  fact  that  these 
represent,  along  with  standard  or  at  least  well-known  American  and 
foreign  coals,  a  great  variety  of  types  of  American  raesozoic  and 
tertiary  coals  and  lignites  of  whose  technical  properties  but  little  is 
generally  known,  the  selection  of  examples  was  particularly  adapted 
to  a  comprehensive  exhibition  of  their  performance  under  approxi- 
mately equal,  even  although  special,  conditions.  But  the  work  as 
executed,  even  on  the  narrow  plan  adopted,  falls  lamentably  short 
of  what  it  might  have  been  easily  made  by  analyses  of  the  examples, 
so  as  to  have  connected  their  constitutional  characteristics  with  the 
results  reported.  For  want  of  definition  by  analyses,  it  is  difficult 
to  see  what  practical  significance,  if  any,  these  results  may  have  even 
for  the  War  Department,  as  the  record  stands  for  nothing  more 
constant  than  certain  commercial  coals,  products  of  certain  mines 
and  certain  local  occurrences  of  coal. 

Investigations  of  the  calorific  power  of  coals  specially  commend 
themselves  to  the  administrative  departments  of  the  general  govern- 
ment. Under  no  other  auspices  are  equal  facilities  available  either 
for  the  collection  of  a  desirable  variety  of  materials  from  a  wide 
geographical  range,  or  for  their  experimental  study  on  a  scale  of 
magnitude  befitting  the  requirements  and  importance  of  the  work. 
The  precedents  afforded  by  the  researches  first  conducted  by  the 
navy,  and  recently  by  the  military  departments  of  the  government, 
may  warrant  the  hope  that  one  of  these,  or  some  other  division  of 
the  public  service,  will  ere  long  be  charged  with  the  duty  of  an 
extended  investigation  of  the  same  subject  on  a  plan  for  which 
models  have  been  furnished  by  other  countries. 

As  plenary  power  of  selecting  its  field  of  work  seems  to  have 
been  delegated  to  the  U.  S.  Geological  Survey,  it  may  be  proper 
to  commend  such  an  investigation  to  the  attention  of  this  branch 
of  the  public  service.  Some  of  the  yet  unpublished  work  executed 
by  the  survey  under  a  former  direction,  in  co-operation  with  the 
Tenth  Census,  is  in  spirit  not  unlike  what  such  an  undertaking 
should  be.  One  of  the  principal  objects  to  be  sought  is  the  posi- 
tive relations  of  calorific  power  of  coals  to  their  units  of  ultimate 
and  proximate  constitution.  Whether  these  can  be  so  formulated 
in  terms  of  either  or  both  of  these  quantitative  expressions  of 
coal,  is  yet  indeed  uncertain.  But  experimental  methods  are  now 
practiced  for  a  treatment  of  the  subject  in  the  spirit  of  contem- 
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porary  physical  research.*  The  subject  can  be  adequately  treated 
in  no  other  spirit,  nor  on  any  but  a  comprehensive  and  systematic 
plan. 


THE  yORTBEBN  SEIiPENTINE  BELT  IN  CHESTER 
COUNTY,   FA. 

BY    DR.    PERSIFOR    FRAZER,   PniLADELPniA. 

^Ir.  Theodore  D.  Rand  has  made  some  interesting  observa- 
tions on  the  serpentines  of  Chester  and  Delaware  counties,  Penna.,t 
in  wiiich  he  suggests  that  the  outcrops  of  this  rock  are  detached 
from  each  other,  and  that  ^Yhile  a  comparatively  narrow  belt,  run- 
ning nearly  east  and  west,  will  include  them  all,  the  strike  of  each 
outcrop  ditlers  considerably  from  the  direction  of  this  narrow  belt ; 
and  that  it  restilts  that  tiiese  isolated  exposures  exist  on  the 
map,  as  it  were,  in  echelon,  the  easternmost  end  of  each  lying 
northwest  of  the  western  extremity  of  its  neighbor.  As  he  else- 
where remarks,  this  is  important,  if  established,  and  the  writer 
spent  a  day  or  two  recently  on  the  ground  in  the  study  of  this 
phenomenon.  One  thing  would  seem  to  follow  from  such  a  state 
of  facts,  viz.,  that  this  serpentine  at  least  must  have  been  of  sec- 
ondary origin,  for  it  is  difficult  to  conceive  of  a  rock  which  occurs 
intercalated  in  numerous  horizons  of  a  diiferent  formation,  and 
agrreeing  with  the  latter  in  bedding,  unless  the  former  were  an 
altered  product  of  the  latter.  It  is  true  that  one  might  account 
for  it  by  the  supposition  of  an  original  unconformable  deposit, 
which  had  been  broken  by  a  number  of  faults  and  distorted  by 
throws  to  the  northwest;  but  this  hypothesis  would  do  violence  to 
the  observed  facts  relating  to  the  measures  along  with  which  the 
serpentine  occurs,  and  in  which  no  such  distortion  has  been  observed. 

*  Thns  for  determining,  by  evaporative  test,  the  calorific  power  of  a  coal,  the 
ultimate  constitution  of  which  is  known,  it  is  requisite,  that,  besides  the  quantity  of 
coal  consumed  and  the  weight  of  the  water  evaporated,  the  temperature  and  chemi- 
cal composition  of  the  escaping  gases,  or  gaseous  residue,  shall  be  quantitatively 
determined,  the  same  as  solid  residues  of  ash  and  unconsumed  fuel. 

In  observance  of  such  requirements,  the  Heizversuchstation  of  Munich  has  been 
in  operation  since  1879.  This  consists  of  a  permanent  boiler  plant,  constructed  on 
the  principle  of  the  calorimeter,  with  special  provision  for  avoiding  errors  from  loss 
of  heat — such,  namely,  as  arise  from  radiation  and  conduction,  and  from  the  vary- 
ing proportions  of  water  in  steam. — Muck.  Steinkohlen-Ciiemie,  1881,  146. 

t  See  Proc.  Min.and  Geol.  Sect.,  Acad  of  Nat.  Sci.,  18S0  and  1881,  pp.  9  and  28, 
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It  is  hoped  that  the  following  details  will  not  be  without  interest, 
at  least  so  far  as  the  localities  in  Lower  Merion  (Delaware  County), 
and  Easttown  (Chester  County),  Penna.,  are  concerned. 

The  region  of  Pennsylvania  in  which  these  serpentine  belts  occur 
is  also  an  important  one,  on  account  of  a  tongue  of  old  amphibole 
gneiss,  which  extends  westwardly,  at  a  small  inclination,  to  the  line 
of  the  Pennsylvania  Railroad ;  and  penetrates  Chester  County  for 
some  miles,  dying  down  not  far  from  West  Chester.  Everything 
yet  known  about  the  rock  induces  the  belief  that  it  is  a  true  repre- 
sentative of  the  oldest  or  Laurentian  series.  Upon  it  are  depos- 
ited various  micaceous  gneisses  and  schists,  and,  finally,  serpentine 
belts  occur,  both  to  the  north  and  to  the  south  of  it,  in  Montgomery 
and  Delaware  counties.  If  the  indications  may  be  trusted  in  Ches- 
ter County,  the  axis  of  the  belt  is  oblique  to  the  axis  of  this  gneiss, 
and  the  former  crosses  the  latter  a  short  distance  further  west,  in 
Chester  County.  Between  Wayne  Station  and  Padnor  Station  (for- 
merly called  Morgan's  Corner)  a  number  of  interesting  and  typical 
rocks  are  obliquely  ])assed  in  the  cuts  where  their  outcrops  are  made 
visible.  A  road  which  was  being  newly  cut  (in  September,  1883) 
from  the  Lancaster  turnpike  to  the  new  station  at  Wayne,  Pennsyl- 
vania Railroad,  showed  a  large  number  of  massive  bowlders  of  syen- 
itic  gneiss  imbedded  in  the  soft  earth. 

The  traces  of  lamination  in  these  bowlders  are  numerous,  but  the 
rock  is  very  compact  and  hard,  and  resembles  intrusive  syenite. 
Near  Wayne  these  bowlders  were  found  about  six  feet  below  the 
surface. 

About  150  feet  northeast  of  the  freight  depot  of  Wayne,  in  another 
cut,  is  found  a  different  variety  of  firmly-bedded,  dark,  very  friable 
gneiss,  in  which  quartz  is  almost  entirely  absent.  It  forms  merely 
a  band  in  a  mass  of  gray,  thoroughly-disintegrated  gneiss.  Quartz 
is  very  sparsely  distributed  through  the  rock,  but  its  main  constitu- 
ents are  plagioclase  (chiefly  oligoclase),  and  lime  feldspar,  hornblende 
fragments,  and  some  biotit^.  The  amphibole  gneiss  which  follows 
to  the  east  end  of  the  cut,  dips  N.  10°  W. — 75°.  The  previous 
exposures,  while  satisfactory  for  lithological  determinations,  were 
worthless  for  stratigraphy,  on  account  of  sag  or  slip.  The  entire 
cut  consists  of  alternations  of  soft,  decomposed,  grayish  stuff,  and 
dark-colored,  thin-bedded  gneiss. 

About  100  yards  east  of  the  new  station  of  St.  David's,  is 
a  rock,  of  which  the  constituents  are  a  highly  lustrous  mica  of 
garnet  color,  and   a  gneiss  of  white  felspar,  compact  and  hard.     It 
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dip.-i  really  about  X.  10^  W. — 35°  (though  for  a  considerable  dis- 
tance alonj;  the  line  of  the  road,  the  sagging-  of  the  bed  has  }>roduced 
a  very  deceptive  appearance  of  dip,  E.  40°  N.).  To  the  north  of 
these  latter,  are  beils  of  weathered,  thin-bedded,  grayish  gneiss. 
These  strata  reach  to  Radnor,  and  cover  a  thousand  feet,  more  or 
less,  of  the  ground  to  the  northwest  or  above  them. 

A  quarter  of  a  mile  northeast  from  the  station  at  Radnor,  on  a 
small  knoll,  a  dark-colored  serpentine  schist  appears  with  a  wavy  strike 
of  E.  5^  X.  The  direction  of  the  dip  is  difficult  to  determine,  but  it 
seems  to  be  mostly  to  tlie  north.  The  breadth  of  this  black  mate- 
rial is  about  2  feet.  The  serpentine  and  steatites  immediately  fol- 
lowing (northeast)  the  black  layer  are  light-colored  on  the  surface  but 
dark-colored  below.  At  an  oblique  angle  of  45°  to  the  line  of  the 
strike  and  a  distance  of  135  feet,  is  a  serpentine  and  talc-schist,  dip- 
ping S.  10°  E. — 80°,  very  much  decomposed. 

At  312  feet  in  the  same  oblique  direction,  a  very  much  decom- 
posed rock,  retaining  many  mica-schist  characters  and  even  traces 
of  hornblende  fragments,  but  consisting  essentially  of  talc-schist 
andchrysotile.  Its  apparent  dip  is  X.  15°  E. — 75°.  Just  beyond 
a  branch  of  the  Gulf  Creek,  which  here  forms  the  boundary  of  the 
serpentine,  a  heavy-bedded  hornblendic  gneiss  appears,  disappear- 
ing X.  20°  W. — 87°.  This  is  the  northern  boundary  of  the  serpen- 
tine, and  is  formed,  in  all  probability,  by  the  same  Laurentian  gneiss 
noticed  in  the  Schuylkill  near  Spring  Mill,  to  the  east,  and  at  the 
Spread-Eagle  Post-office,  in  Chester  County,  to  the  north. 

The  entire  serpentine  deposit  is  about  141  feet  in  perpendicular 
thickness,  and  forms  a  belt  of  rocks  alternating  between  character- 
istic serpentine,  and  talc-schist,  strangely  various  in  character  and 
habit.  A  quarry  a  short  distance  south  of  the  middle  line  of  this 
belt  dips  X^  20°' W.— 78°. 

To  sum  up  the  exposure  of  serpentine,  there  are  great  differences 
both  of  composition,  habit,  and  position,  in  the  rocks  of  this  belt. 
The  latter  varies  from  S.  5°  E. — 65°  on  the  southern  edge  to  S.  10° 
to  15°  E. — 75°  to  85°  on  the  northern  edo-e. 

"It  is  doubtful  if  this  variation  of  dip  has  structural  significance, 
but  if  so,  it  implies  a  sharp  anticlinal  here.  About  106  feet  perpen- 
dicularly acrosS  the  strike  is  a  schist  which,  while  justifying  the 
appellation  of  talc-schist,  resembles  in  its  habit  that  which  it  in 
all  probability  originally  was,  viz.,  nacreous,  perhaps  a  chlorito- 
nacreous  schist."* 

*  See  author's  remarks  in  Journal  of  Franklin  Institute.     Phila.,  October,  1883. 


352      NORTHERN   SERPENTINE    BELT    IN    CHESTER   COUNTY,    PA. 

About  half  a  mile  northwest  of  Racinor  Station  is  a  quarry  of  ser- 
pentine on  thesumrait  of  a  hill,  which  is  the  next  important  exposure 
nearly  due  west  of  that  just  described.  The  structure  here  is  quite 
interesting.  While  the  bedding  is  obscure,  the  rock  can  be  easily 
divided  into  a  southern  and  a  northern  half.  The  dip  of  the  latter 
was  about  S.  10°  to  20°  E. — 54°.  The  rocks  are  very  much  waved. 
The  southern  point  of  the  exposure  dips  ±  N.  30°  E.  ±  83°. 

Although  the  thickness  of  the  S.  10°  E.  dips  seems  to  be  greater 
in  the  quarry  than  that  of  the  N.  30°  E.  side,  there  is  room  to  sup- 
pose, that,  with  the  addition  of  the  outside  adjacent  rocks  of  the 
same  portion  which  are  not  opened  up,  there  is  either  a  sharp  canoe- 
shaped  synclinal  represented  here,  or  a  sudden  and  complete  reversal 
of  the  direction  of  the  beds. 

There  appear  to  the  writer  to  be  also  abundant  traces  of  alter- 
ation in  the  rock,  together  with  actual  remains  of  both  amphibole 
and  mica-schist.  But  while  the  change  has  been  usually  complete, 
there  are  portions  of  the  rock  which  are  almost  unaltered.  An  in- 
teresting specimen  of  white  serpentine,  in  the  form  of  a  somewhat 
flattened  prism,  with  a  nucleus  of  yellow  serpentine,  of  which,  in 
turn,  the  nucleus  was  changed  to  chrysotile,  was  found.  This  quarry, 
with  the  detached  veins  of  serpentine  lying  to  the  north  of  it,  is 
almost  due  west  of  the  first-mentioned  outcrop,  and  distant  about 
three-eighths  of  a  mile. 

The  next  important  outcrop  of  serpentine  is  about  one  mile  and  a 
quarter  west  of  this,  in  Chester  County,  and  one-third  of  a  mile 
south  of  the  old  Eagle  Station,  Pennsylvania  Railroad,  though  there 
are  one  or  two  minor  exposures,  giving  doubtful  data  as  to  structure 
in  the  interim.  Thick  and  very  much  waved  beds  of  serpentine 
here  dip  E.  30°  S. — 55°  to  60°.  The  surface-rock,  as  usual,  is  very 
much  stained  with  various  decomposition  products  of  serpentine. 
Talc-schist,  picrolite,  and  chrysotile  occur  frequently,  and  also  a 
dark  purple  variety  of  the  principal  rock.  The  strike  appears  to 
range  throughout  the  quarry  S.  30°  W.,  and  there  are  no  certain 
signs  of  anticlinal  or  synclinal  structure,  but  the  talc-schist,  which 
is  abundant,  assumes,  in  places,  a  chloritic  habit.  The  direction,  and 
other  details  of  the  dip  are  uncertain,  but  the  strike  is  clearly  ap- 
parent. 

Passing  over  two  minor  exposures  to  the  west,  there  is  one  of  in- 
terest a  few  feet  east  of  the  road,  which  runs  a  little  east  of  south 
from  Berwyn  Station,  and  about  a  mile  therefrom.  This  serpentine 
quarry  is  north  of  a  fragment  exposure  of  trap,  which  is  so  light, 
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however,  as  to  give  no  reliable  intbnnation  as  to  its  extent  and  posi- 
tion. It  is  on  the  southern  border  of  the  hydromica  schists  which 
torni  the  South  Valley  Hill,  while,  to  the  south  of  it,  and  beyond 
the  trap  fragments  just  alluded  to,  is  a  compact  laminated  quartzose 
gneiss,  of  very  light  color,  having  layers  of  dark-colored  matter 
(biotite,  principally).  The  large  amount  of  feldspar  of  the  rock  is 
very  much  decomposed  into  a  white  pulverulent  clay.  The  dip  is 
y.\0°  W.— 75°. 

A  few  hundred  feet  south  of  this,  and  south-  of  the  Paoli  road,  is  a 
quarry  in  heavy-bedded  hornblendic  gneiss  which  dips  S.  10°  E. — 
82".  Underlying  the  serpentine  to  the  south,  there  seems  to  be  first 
a  friable,  white,  quartzose  gneiss,  with  biotite  and  very  sparsely  dis- 
tributetl  fragments  of  hornblende,  and  south  of  this  a  heavy-bedded 
syenitic  gneiss,  containing  well-defined  crystalline  quartz,  feldspar, 
and  striated  hornblende,  besides  garnet  and  other  accessory  minerals. 
If  this  rock  be  the  westward  prolongation  of  the  Laurentian  syenitic 
gneiss  before-mentioned  near  Radnor,  and  St.  David's  near  Wayne, 
it  would  appear  to  have  preserved  about  its  normal  strike  to  the 
south  west  ward,  and  it  would  also  appear  that  the  serpentine  belt 
(together  with  the  country  rock;  of  which  it  forms  part)  is  crossed 
by  it,  and  now  appears  on  its  northern  flank. 

The  serpentine  of  the  quarry  above  mentioned  (about  a  mile  south 
by  east  of  Berwyn  Station,  and  a  few  hundred  yards  north  of  the  Paoli 
road)  exist  as  a  belt  apparently  much  narrower  than  that  northeast 
of  Radnor  Station.  The  quarry  itself  exposes  the  rock  for  a  per- 
pendicular thickness  of  about  15  feet,  besides  which  some  ten  feet 
more  of  crop  may  be  safely  added.  A  large  number  of  dips  taken 
where  the  rock  is  well  exposed,  gives  a  mean  about  E.  40°  S. — 88°, 
and  the  outcrops  concur  in  making  the  strike  N.  40°  E.,  though 
those  to  the  north,  which  are  the  most  distinct  seem  to  put  the  pos- 
ture of  this  rock  as  vertical. 

If  these  elements  could  be  trusted  as  those  of  structure,  it  would 
imply  an  anticlinal  cusp  here.  The  most  interesting  part  of  the 
quarry,  however,  is  the  alternations  which  it  exhibits,  of  layers  of 
serpentine  and  of  a  talc-.schist,  so  like  chlorite  in  habit  that  the  illu- 
sion, at  a  short  distance,  is  very  strong.  There  are  no  less  than  three 
of  these  bands  of  chlorite-1  ike  talc-schist  within  the  fifteen  feet  of  the 
opened  quarry,  besides  one  bank  on  the  north  margin  of  the  quarry, 
and  several  among  the  visible  outcrops  still  further  north.  A  speci- 
men from  the  subordinate  band  which  lies  at  the  northern  edge  of  the 
quarry,  was  selected  and  analyzed  for  the  alkalies,  in  the  writer's 
VOL.  XII. — 2.3 
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laboratory,  by  his  assistant,  Mr.  C.  Hanford  Henderson.     The  re- 
sult was  a  surprise,  since  it  established  that 

Per  ct. 
Magnesia  =       ,         .         ,         .         .         .         .17.89 

Soda  = 6.026 

Potash       = 0.613 

Taking  the  mean  of  several  reliable  analyses  of  paragoulte  (one  of 
the  dominant  minerals  in  the  body  of  rocks  lying  to  the  north  of 
this  strata  and  serpentine),  and,  assuming  for  the  moment,  that 
all  the  soda  was  derived  from  this  mineral,  enough  is  present  to 
give  us  82.36  per  cent,  of  paragonite  in  the  rock.  And  assuming 
the  mean  percentage  of  potash  in  paragonite  to  be  0.57,  a  very  much 
too  liberal  allowance,  obtained  from  the  same  data,  we  would 
have  enough  left  over  to  account  for  the  co-existence  in  this  rock, 
of  0.37  per  cent,  of  damourite.  On  the  other  hand,  comparing 
the  percentage  of  magnesia  with  that  of  the  mean  of  forty  well- 
authenticated  analyses  of  talc,  and  with  eleven  of  slaty  serpentine, 
it  appears  that  the  rock  in  question  contains  only  57.48  per  cent,  of 
talc  and  has  not  magnesia  enough  for  more  than  46.88  per  cent,  of 
serpentine  if  this  were  the  principal  constituent. 

Of  course  there  is  no  such  percentage  of  hydro-micas  present. 
A  full  analysis  would  be  necessary  to  determine  how  the  soda  is 
combined,  and  from  what  minerals  it  is  probably  derived,  but  the 
fact  remains  that  this  rock  is  not  more  than  58  per  cent,  talc,  and 
contains  abundant  evidences  of  derivation  from  nacrites. 

A  specimen  from  the  first  exposure  mentioned  in  this  paper  or 
about  one-fourth  of  a  mile  from  Radnor  Station,  Delaware  County, 
was  analyzed  at  the  same  place,  and  by  the  same  chemist.  In  this 
specimen  (although  it  was  taken  from  nearly  the  median  portion 
of  the  serpentine  belt),  the  small  crystals  of  nacrite  are  abundantly 
visible  throughout  the  schist.     An  analysis  showed 

Per  ct. 

Magnesia, 33.66 

Soda, 4.44 

Potash, 0.638 

The  percentage  of  magnesia  is  here  2.54  higher  than  the  average 
of  forty  analyses  of  talc  above  emj)loyed,  and  some  of  this  excess 
may  be  due  to  the  existence  of  magnesite  or  other  decomposition 
product. 

The  percentage  of  soda  would  be  sufficient  to  account  for  38.68 
per  cent,  of  paragonite,  if  all  were  to  be  ascribed  to  that  mineral, 
while  a  slightly  increased  fraction  of  a  per  cent,  of  damourite  could 
be  constructed  out  of  the  remaining  unused  potash. 
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These  results  seem  to  leiul  a  liigh  degree  of  probability  to  the 
theorv  that  at  least  this  belt  of  serpentine  is  a  metasoniatizcd  pro- 
duct of  a  layer  or  layei-s  of  the  hyilro-niica  schists  in  contact  with 
which  it  lies,  and  with  which  its  relations  are  otherwise  abundantly 
made  out  by  very  diflerent  processes  of  comparison,  viz.,  strati- 
graphically,  geographically,  and  chemically. 

[Specimens  from  tiie  belt  which  formed  the  subject  of  the  paper 
were  shown,  illustrating  the  similarity  in  habit  of  these  talc  schists 
and  serpentines  to  the  chlorites  and  nacrites.] 


THE  PEACH  BOTTOM  SLATES  OF  SOUTHEASTERN  YORK 
AXD  SOUTHERN  LA^'CASTER  COUNTIES. 

BY   DR.    PERSIFOR   FRAZER,  PHILADELPHIA,   PA. 

The  section  along  the  left  bank  of  the  Susquehanna,  in  Lancas- 
ter County,  from  Falmouth  to  the  Maryland  line,  which  the  writer 
made  in  1877  to  accompany  his  report  on  that  county,  was  redrawn 
by  Professor  Lesley,  as  stated  in  the  prefatory  letter  to  Vol.  CCC. 
(p.  X.).*  As  then  stated,  neither  the  numerous  data,  nor  the  gen- 
eral features  of  the  structure  obtained  by  the  writer,  were  changed  ; 
but  enough  was  done  to  make  a  discrepancy  between  the  text  and 
the  section  as  given;  and  some  important  points  were  made  less 
clear  in  the  published  section  than  they  were  in  the  MS.  map. 
Amongst  other  portions  of  the  section,  that  between  the  railroad 
stations,  1190  to  1224,  gives  the  impression  on  the  published  maps 
of  a  much  too  definite  superposition.  A  few  words  will  be  de- 
rotefl  to  this  region  in  the  following  communication. 

There  is  absolutely  no  room  to  doubt  the  structure  for  about  four 
liles  on  each  side  of  the  Tocquan  axis.  The  dips  are  gentle,  and 
in  opposite  directions,  and  the  lithological  characters  constant  within 
ordinary  limits  of  variation,  nor  do  these  characters  resemble  tho.-e  of 
the  rocks  which  flank  these  gneisses  and  mica  schists  to  the  northwest 
and  the  southeast.  For  the  same  reasons  it  is  evident  that  the  rocks 
which  occur  within  these  eight  miles  or  so,  represent  an  horizon  be- 
low the  basement  of  the  fossilifeious  or  palaeozoic  series.  iSotoidy 
have  no  fossils  been  found,  but  their  lithological  characters  are  un- 
mistakak)ly  eozoic.     But  on  the  upper  and  lower  margins  of  this 

*  Publ.  of  the  Second  Geological  Survey  of  Pennsylvania. 
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thick  series  there  are  palpable  signs  of  disturbance  in  bedding,  and 
after  an  interval  (commenced  on  the  York  County  side  by  a  trap 
dyke,  and  marked  by  an  absence  of  exposures),  the  roofing-slates  of 
Peach  Bottom  come  in  among  a  series  of  chloritic  schists,  resembling 
other  portions  of  the  chloritic  series  closely  in  mineral  constituents, 
but  showing  rapid  changes  in  position,  and  much  contortion,  in 
place  of  the  uniformity  of  structure  to  the  northwest.  It  is  noticed 
in  report  CCC,  that  a  quartz-slate  containing,  like  the  Chikis 
quartzite,  intercalated  beds  of  hydromicaceous  matter,  is  found 
constantly  near,  and  apparently  above,  the  roofing-slates.  What- 
ever be  the  relation  between  this  quartz-slate  and  the  Potsdam, 
this  horizon  marks  the  northerly  limit  of  a  region  which,  extend- 
ing towards  the  Maryland  line,  includes  the  greatest  diversity  of 
dip  and  strike.  This  was  so  manifest  to  the  writer  in  1877,  that 
he  suggested  the  possibility  that  the  whole  region  had  been  filled 
by  a  plicated  band  of  rocks  of  only  a  few  hundred  feet  in  thick- 
ness. [See  pp.  14]  and  142,  etc.,  where  the  grounds  and  objections 
to  this  view  are  discussed.]  All  that  can  be  stated  with  certainty 
is,  that  after  +  3600  feet  perpendicular  thickness  of  chlorite  meas- 
ures, overlying  a  thick  gneiss  anticlinal,  there  is  an  absence  of  ex- 
posures for  a  surface-distance  of  more  than  a  mile,  after  which 
appear  rocks  resembling  the  chloritic  series  in  general  lithological 
characters,  but  showing  that  these  have  been  subjected  to  entirely 
diiferent  conditions. 

High  up  in  this  contorted  series,  and  a  short  distance  (geologi- 
cally) below  the  quartz-slate,  occur  the  Peach  Bottom  roofing-slates, 
Avhile  the  latter  may  be  easily  conceived  to  maintain  the  present 
surface  as  its  horizon  for  the  remainder  of  the  section.  Add  to  these 
facts  that  dykes  of  dolerite  occur  at  the  lower  and  upper  hori- 
zons of  the  contorted  series,  rendering  the  supposition  of  clefts  and 
their  concomitant  faults  probable,  and  what  the  writer  has  given  of 
stratigraphical  notes  is  complete. 

The  objections  to  considering  the  measures  consecutive,  and  with- 
out a  break  from  the  base  of  the  chlorite  to  the  Peach  Bottom 
slates,  is  the  suspicious  gap  in  the  exposures,  and  the  following 
change  in  the  structure. 

The  objection  to  the  hypothesis  of  a  fault  bringing  down  the  Pa- 
laeozoic measures  to  a  level  with  the  Iluronian  are,  first,  the 
lithological  similarity  between  the  rocks  on  each  side  of  the  north- 
erly fault,  and  also  the  absence  of  any  evidences  to  the  northeast  or 
southwest  of  the  Susquehanna  of  the  existence  of  such  well-marked 
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formations  as  the  Primal  S.  S.  and  the  Auroral  limestone.  That  is, 
ur)le<s  tiie  Doe  Run  limestone  in  West  Marlboro  Township,  Chester 
County,  be  consitlereil  sueh  evidence.  This  formation  is,  indeed, 
nearly  on  the  strike-line  of  this  belt,  and,  if  it  be  connected  with 
the  phenonu-non  here  alluded  to,  and  not  (as  suggested  in  the  report 
on  Chester  County)  a  sub-Primal  limestone,  its  position  is  due,  not 
(as  several  geologists  have  assumed)  to  a  normal  position  above  the 
South  Valley  Hill  (Hudson  River  (?))  schists,  but  to  the  thrusting 
up  of  a  great  belt  of  Huroniau  rocks,  extending  from  Turkey  Hill 
to  somewhere  near  Fishing  Creek  on  the  Susquehanna,  or  from 
Parkesburg  to  Doe  Run  in  Chester  County,  cutting  the  original 
Chester  Valley  limestone  otf  from  its  southern  continuation,  and 
substituting  for  it  the  eozoic  measures. 

From  this  stratigraphical  maze  one  turns  with  eagerness  to  any 
palieontological  evidence  which  may  be  obtainable.  In  point  of 
fact,  several  very  interesting  plant  forms  have  been  observed  in  the 
Peach  Bottom  slates,  the  latest  specimens  having  been  furnished  the 
writer  by  Professor  I.  X.  Rendall,  President  of  Lincoln  University, 
Chester  County.  \_Tkcse  specimens  were  exhibited  to  the  Institute.^ 
They  were  sent  to  Professor  James  Hall,  of  Albany,  who  was  kind 
enough  to  examine  them,  and  furnish  the  following  communication. 

It  is  much  to  be  regretted  that  the  fossils  are  not  more  distinct- 
ive, but  even  had  they  accurately  defined  the  horizon  whence  they 
were  taken,  it  will  be  seen  above  that  they  would  not  have  sufficed 
to  explain  all  the  knotty  problems  connected  with  the  structure  on 
this  part  of  the  Susquehanna.  They  leave  tiie  question  of  the  age 
of  these  slates  to  be  fought  out  on  the  battle-ground  of  the  Quebec 
group,  about  which  there  are  still  such  wide  differences  of  opinion. 

Albany,  September  18th,  1883. 
Dr.  Persifor  Frazer. 

My  dear  Sir: 

The  specimens,*  of  which  the  representations  will  be  found  in  the  accompanying 
plates,  present  the  appearance  of  the  older  shales  of  the  Quebec  group,  but,  so  far 
as  lithological  as[>ect  is  concerned,  may  as  well  be  of  Hudson-River  age. 

The  conspicuous  fossils  have  the  character  of  marine  vegetation,  and  the  aspect 
of  Algse.  1  find  that  the  forms  have  been  replaced  by  a  film  of  iron  pyrites,  and  the 
larger  lobed  and  branching  one  (upon  the  largest  specimen  of  slate  marked  A) 
shows  considerable  thickness  of  this  pyritous  film,  which  appears  as  if  it  might  have 
filled  a  vesicular  sulwtance,  and  have  l^en  flattened  under  pressure,  the  margins 
being  well  defined.  These  forms  might  Ije  compared  to  dendritic  markings,  which 
sometimes  occur  in  slates  and  sandstones,  but  tlie  thickness  of  the  substance  and  the 
distinct  limitation  of  the  part  suggest  an  organic  origin. 

*  The  specimens  referred  toby  Prof.  Hall  are  figured  in  the  accompanying  plates. 
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The  most  nearly  allied  forms,  so  far  as  I  have  observed,  among  known  organic 
bodies,-are  the  recent  Halymenia  and  tlie  fossil  genus  Halymenites.  Tiiis  form 
is  also  not  unlike  some  of  the  Buthotrephis  of  the  older  limestones.  You  may, 
however,  perhaps  regard  its  manner  of  occurrence,  its  regularity  and  numerous 
fronds,  or  portions  of  fronds,  all  in  tlie  same  position,  and  free  from  crossing  or 
intercalation  of  parts,  as  a  fact  in  favor  of  mineral  infiltration,  assuming  dendritic 
or  plant-like  arrangement. 

One  will  notice  that  the  lower  edge  of  the  specimen  has  been  cut  by  a  slip  or 
fault,  leaving  an  oblique  striated  surface  on  the  opposite  side. 

The  other  forms  on  the  specimens  B  and  C  are  distinctly  organic  in  their 
character  and  mode  of  occurrence,  and  belong  to  some  algoid  form.  They  have 
some  I'esemblance  to  Laminarian  forms,  as  represented  in  Lnminarites  Layrangei, 
by  Sa porta  and  Marion,  and  are  too  rigid  in  mode  of  growth  to  be  referred  to 
Chondrites. 

Those  on  B  are  not  very  unlike  some  forms  which  have  been  referred  to  Butho 
TREPHis,  only  much  larger  and  stronger  than  any  which  I  know. 

The  specimens  on  C  are  fragmentary,  smaller,  and  somewhat  more  rigid  than  the 
others,  but  apparently  of  the  same  species  as  th.ose  on  B.  Both  of  these  are  more 
rigid  than  ordinary  forms  referred  to  Buthotrephis,  but  I  do  not  find  anything 
else  with  which  to  compare  them. 

On  the  specimen  marked  D  I  find  only  a  kind  of  efflorescence  of  gypseous  matter, 
but  no  distinct  organic  markings. 

The  specin^en  E  presents  a  more  or  less  distinctly  limited  circular  area,  mainly- 
distinguishable  from  the  surrounding  surfoce  by  its  difference  of  color.  Under  a 
lens,  this  area  shows  no  evidence  of  structure  other  than  the  ordinary  slaty  surfiice: 
but  in  certain  light  I  think  I  can  see,  by  the  naked  eye,  faint  markings  as  if  of 
branches,  radiating  in  an  irregular  manner  from  the  centre,  and  bifurcating  in 
their  course.  This  reminds  me  strongly  of  some  Graptolitic  forms,  such  as  Grap- 
olithus  rlgidus  and  Graptolithus  Logani,  in  the  absence  of  the  disk.  On  the  same 
specimen  E,  marked  by  a  round  red  ticket,  and  between  the  ticket  and  the  margin 
of  the  disk  referred  to,  there  is  a  fragment  of  a  Graptolite  with  serrated  margins. 

I  have  also  indicated,  by  red  tickets,  two  points  upon  the  recently  separated  sur- 
face of  B,  which  appear  to  be  marked  by  Graptolitic  fragments.  The  numerous 
black  points  have  the  same  appearance  as  the  fragments  of  Graptolites  on  our 
Graptolitic  slates  of  the  Hudson-River  group. 

Although  I  can  find  nothing  which  will  give  positive  information  of  the  actual 
horizon  of  these  slates  in  the  geological  series,  tliere  can  be  no  doubt  but  they  occupy 
a  place  either  in  the  Hudson-River  or  (Quebec  series,  and  not  unlikely  in  the  latter. 

I  regret  that  I  am  not  able  to  give  more  positive  information,  but  the  facts 
within  my  knowledge  do  not  warrant  a  positive  expression. 

I  am,  very  truly  yours, 

Jatvies  Hall. 

Tlie  section  which  accompanies  tl)is  paper  was  drawn  from  the 
original ;  not  from  the  section  as  altered  by  Professor  Lesley,  and 
represents  in  the  opinion  of  the  writer  more  nearly  the  geological 
structure  of  the  lower  Susquehanna.  The  upper  line  contains  the 
low  water  mark  line  of  the  left  bank,  with  the  railrjad  distances 
from  the  Susquehanna  Rolling  Mill  in  Columbia  marked  by  figures, 
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between  which  the  cross  lines  indicate  every  100  feet.  Upon  this 
bank  are  located  the  exposures  with  the  direction  of  tiie  dips.  The 
straight  line  ininitnliately  below  this  is  the  projected  line  of  the 
dij^)S  taken  on  this  bank,  which  was  calculated  by  taking  the  mean 
of  all  the  dips  obtained  from  "Cutler's"  to  the  ^Maryland  line. 

The  lowest  line  represents  the  line  of  projection  of  the  dips  taken 
on  the  right  bank  of  the  river  over  the  same  distance,  and  the  direc- 
tion of  this  projection  line  was  obtained  in  a  similar  manner  from 
the  exposures  on  the  York  County  side.  These  two  were  brought 
together  so  that  the  Peach  Bottom  slates  were  opposite  to  each  other 
on  the  maps  as  in  nature.  The  left  hand  end  of  each  section  rep- 
resents the  eastern  termination  of  the  mica-schist  series,  and  the  com- 
mencement of  the  chloritic  and  quartzose  rocks.  The  average  dis- 
tance apart  of  these  section  lines  is  about  a  mile,  but  their  agree- 
ment in  general  stratigraphical  features  is  evident.  There  is  the 
same  change  of  character  at  the  left  hand  or  northwest  end,  between 
the  mica-schists  and  chloritic  series,  and  the  same  evidences  of  un- 
conformable superposition  in  the  line  joining  the  chlorite  mica-schist 
contact  in  the  two  sections  which  is  oblique  to  the  river,  and  to  the 
general  strike  of  the  rocks. 


A  WATER-GAS  FUBNACE  AT  ELGIN,  ILLINOIS. 

BY  P.    BARNES,   JOLIET,   ILL. 

In  a  paper  recently  read  before  the  Institute  by  Mr.  W.  A. 
Goodyear,  a  useful  presentation  was  made  of  the  subject  of  the  pro- 
duction of  water-gas  on  a  large  scale,  by  the  use  of  a  regenerative 
form  of  apparatus.  By  way  of  supplement  to  that  paper,  a  brief 
statement  of  the  details  of  a  plan  which  was  carried  out  at  the  works 
of  the  Elgin  Xational  Watch  Company  at  Elgin,  111.,  may  be  of  in- 
terest, although  the  ultimate  result  of  the  working  of  the  producer 
was  not  successful  or  satisfactory. 

This  company  had  decided  to  build  a  gas-works  for  the  supply  of 
illuminating  gas  to  their  factory,  on  a  much  larger  scale  than  that  of 
the  petroleum-works  which  had  very  successfully  supplied  the 
smaller  buildings  for  many  years,  and  in  March,  1882,  the  material 
for  a  gas-making  cupola  furnace  was  purchased.  A  few  weeks  Ifiter 
it  was  decided  to  make  the  attempt  to  burn  the  gas  under  the  steam- 
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boilers  of  the  establishment,  and  a  second  set  of  material  was  or- 
dered. 

In  July,  1882,  when  the  writer  took  charge  of  the  work  of  con- 
struction, it  was  agreed,  after  a  study  of  the  probabilities  of  the  sit- 
uation, to  make  an  attempt  to  utilize  the  waste  heat  developed  in 
the  process  for  preheating  the  air-blast  and  the  steam  used,  to  the 
highest  possible  point,  so  that  the  fullest  practicable  limit  of  econ- 
omy should  be  reached.  This  was  believed  to  be  the  more  needful, 
because  of  the  obvious  requirement  that  the  gas  should  be  furnished 
at  the  least  possible  cost,  to  meet  the  competition  with  coal  fired  di- 
rect under  the  boilers. 

The  material  which  had  been  purchased  was  utilized  as  fully  as 
it  could  be  in  building  two  firebrick  stoves,  and  the  fire  was  put 
in  a  rectangular  fire-box,  which  was  attached  to  the  stoves  by  short 
direct  flues.  The  plans  for  this  work  were  completed  in  August, 
1882,  and  the  furnace  was  set  at  work  in  February,  1883. 

It  was  soon  found  that  although  the  proposed  preheating  of  the 
blast  and  of  the  steam  was  very  fully  accomplished,  yet  the  shape 
which  had  been  adopted  for  the  fire-box  was  not  such  as  to  secure 
the  intense  concentration  of  the  heat  needed  to  secure  the  complete 
fluxing  of  the  furnace  which  had  been  undertaken.  It  was  also 
found  that  the  chilling  of  the  slag,  which  was  run  down  in  consider- 
able quantities  by  the  steam  blown  in  during  the  gas-raaking,  was 
so  complete  that  it  became  quite  unmanageable,  and  that  it  would 
lodge  in  the  base  of  the  fire-box  below  the  line  of  fusion,  and  also 
above  this  point,  with  so  little  fuel  remaining  in  or  near  the  masses 
of  slag  that  they  could  not  be  remelted  when  the  blast  was  turned  on 
again.  This  action  of  the  steam  in  cooling  the  slag  was  anticipated, 
but  the  trial  was  thought  to  be  worth  making. 

A  considerable  quantity  of  gas  was  made  in  the  furnace  with  the 
regenerative  fixtures  as  first  erected,  the  holder  which  had  been  provi- 
ded for  the  storage  of  the  illuminating  gas  being  used  for  the  fuel  gas 
during  the  trials  which  were  made.  This  was  burned  under  the  boilers 
using  simple  perforated  iron  pipes  for  burners.  A  considerable 
evaporation  was  reached,  but  it  was  found  that  in  order  to  com[)ete 
with  direct  coal  firing,  even  with  the  market  price  then  current  for 
coal  used  under  the  boilers,  of  $5  per  ton,  the  gas  must  be  furnished 
for  decidedly  less  than  5  cents  per  thousand  cubic  feet,  even  if  the 
cost  of  labor,  as  compared  with  direct  firing,  were  to  be  wholly 
omitted  in  making  up  the  estimate. 

The  saving  of  the  waste  heat  was   found  to  be  very  complete,  the 
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prothu't?  of  eoinluistion  and  the  water-ii'tis  both  esoapino;  from  tlio 
a}^paratus  at  a  temperature  very  elose  to  the  boilino>-j)()int  of  water. 

It  was  found  that  the  splintering  of  the  brickwork  in  the  lower 
part  of  the  tire  box,  due  to  the  removal  of  the  very  stubborn  clinkers 
which  were  formed,  would  lead  in  any  event  to  a  very  short  life  of 
that  part  of  the  apparatus  as  then  constructed,  and  in  view  of  some 
other  imjnn-tant  local  reasons  it  was  considered  advisable  to  abandon 
the  regenerative  fixtures,  and  the  expectation  of  using  the  gas  under 
the  boilers.  The  furnace  was  then  rebuilt  and  fitted  up  for  making 
illuminating  gas  only,  upon  the  plan  which  had  been  used  for  some 
years  in  Chicago  under  the  patents  of  ]\Ir.  T.  G.  Springer,  The 
whole  was  put  into  very  successful  operation  in  July,  1883. 


BOASTING  IBON-OEES. 

BY  JOHN  BIRKINBINE,  PHILADELPHIA,  PA. 

"  Whether  an  iron-ore  should  be  roasted  is  a  question  which  very 
seldom  arises;  at  least,  this  question  seldom  ought  to  arise.  With 
the  exception  of  the  red  impalpable  oxide,  the  whole  series  of  iron- 
ores  require  roasting — even  the  specular  iron-ore,  if  it  is  very  com- 
pact— but  the  best  oxide,  if  too  compact,  works  badly  in  the  furnace. 
All  other  ores  should  be  subjected  to  calcination.  Some  ironmasters 
are  in  the  habit  of  using  the  hydrates  raw,  but  this  should  not  be 
done  where  clay -ores  are  smelted  or  where  the  hydrates  contain  either 
chlorides  or  phosphates.  But  in  the  latter  case,  the  pig  metal  will 
be  cold-short  if  there  is  too  much  phosphorus.  Under  all  circum- 
stances, however,  it  is  best  to  roast  the  ores  if  we  expect  good  metal 
and  well-regulated  furnace  operations. 

"The  object  of  roasting  ores  is  to  produce  higher  oxidation  and 
to  expel  injurious  admixtures.  In  both  cases  liberal  access  of  at- 
mospheric air  is  required  ;  we  should,  therefore,  so  arrange  our  roast- 
ing operations  as  to  fulfil  these  conditions,  from  which  it  will  appear 
that  different  ores  require  different  treatment."* 

The  above  may  be  considered  an  extreme,  and  perhaps  erroneous 
view ;  but  there  is  no  question  as  to  the  absence  of  a  general  appre- 
ciation concerning  the  value  of  preparing  ores  of  iron  for  smelting  in 
the  blast-furnace. 

*  MetaUurgy  of  Iron  and  Steel,  Osborn — page  257. 
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Roasting  ore  is  by  no  means  a  new  feature  of  iron-manufacture, 
but  rather  may  be  considered  as  liaving  fallen  into  comparative  dis- 
use; for  the  older  blast-furnace  practice  almost  universally  em- 
braced.preliminary  calcination  of  ores. 

That  roasting  of  iron-ores  was  practiced  in  the  seventeenth  century 
is  evident  from  the  following  extract  taken  from  John  Ray's  Collec- 
tion of  English  Words,  1672: 

"When  the  mine  is  brought  in  they  take  small  coal  (charcoal) 
and  lay  a  row  of  it,  and  upon  that  a  row  of  mine,  and  so  alternately 
S.  S.  S.,  one  above  the  other,  and  setting  the  coals  on  fire  therewith, 
burn  the  mine. 

"  The  use  of  this  burning  is  to  modify  it  so  that  it  may  be  broken 
into  small  pieces;  otherwise,  if  it  should  be  put  into  the  furnace 
as  it  comes  out  of  the  earth,  it  would  not  melt  but  come  away  whole. 

"Care,  also,  must  be  taken  that  it  be  not  too  much  burned,  for 
then  it  will  loop,  i.e.,  melt  and  run  together  in  a  mass.  After  it  is 
burnt,  they  beat  it  into  small  pieces  with  an  iron  sledge  and  then 
put  it  into  the  furnace." 

In  Sweden  the  blast-furnace  is  generally  said  to  be  able  to  "  run 
by  itself"  when  the  roasting-kiln  works  satisfactorily. 

The  roasting  or  calcination  of  iron-ores  is  carried  on  to  accomplish 
the  following  purposes : 

A.  To  facilitate  the  breaking  of  lump  ore,  or  to  make  it  more 
porous  and  easier  reduced. 

B,  To  remove  water. 

C  To  drive  off" carbonic  acid. 

D.  To  desulphurize,  partially  or  thoroughly. 

E.  To  expel  other  volatile  matters. 

The  first-named  object  is  generally  a  matter  of  local  convenience 
or  economy,  and  it  need  not  be  especially  enlarged  upon.  But  it  is 
not  improbable  that  there  is  often  a  partial  oxidation  in  roasting 
many  ores  which  has  a  beneficial  influence. 

The  treatment  of  hydrated  ores  permits  of  material  improvement 
in  blast-furnace  operation,  but  the  claim  is  often  made  that,  as  the 
moisture  is  driven  off  in  the  upper  zones  of  the  blast-furnace,  little 
real  value  results  from  roasting  hydrated  ores  except  in  low  furnaces  ; 
some  managers  even  asserting  that  wet  ores  are  advantageous  to  keep 
the  tunnel-head  cool.  There  are  other  and  better  methods  of  keep- 
ing the  top  of  the  furnace  at  a  low  temperature  than  by  charging 
into  it  what  is  worse  than  useless,  and  placing  additional  and  un- 
necessary duty  upon  the  plant;    and   it   is   hardly  to  be  presumed 
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that  such  praotice  is  the  result  of  a  thorough  study  of  bUist-furnace 
eoouomy. 

To  obtain  goml  results  from  most  of  the  carbonate-ores,  pre- 
liminary roasting  is  a  necessity;  and  in  no  locality  is  the  process 
carrieil  on  more  uenorallv  than  in  the  Cleveland  District,  England. 

Tiie  results  there  obtainetl  are  exhibited  by  the  following: 

Analyses  of  the  Baw  and  Calcined  Cleveland  Stone. 

Cleveland  ore  or  stoue       Clcveiiuid  stone  after 


uncaleined. 

calcination 

Ferric  oxide  (FejO,\ 

.        ^.(iO 

66.25 

Ferrous  oxide  (FeO), 

.     3S.06 

Mmiganous  oxide  (MnO), 

.       0.74 

Manganic  oxide  (MnjO^), 

0.65 

Alumina  (Al^Oj),      . 

.      5.92 

7.72 

Lime  (CaO),     . 

7.77 

6.46 

^lagnesia  (MgO),     . 

.       4.1G 

4.78 

Potash  (K,0), 

trace 

0.02 

Carbonic  anhydride  (COj\ 

.     22.00 

Water  (HjO),  . 

.      4.45 

Silica  (SiOj,    . 

.     10.36 

11.87 

Sulphur  (S),     . 

.    o.u 

Phosphoric  anhydride  (P2O5), 

.       1.07 

1.13 

Sulphuric  anhydride  (SO3), 

0.90 

97.27 


99.78 


Experiments  made  by  Messrs.  Tunner  and  Kupelwieser  in  an 
Austrian  charcoal -furnace  of  small  dimensions  indicate  that  practi- 
cally one-third  of  the  height  of  the  furnace  was  used  in  driving  off  the 
volatile  matter  from  raw  carbonate-ores.  The  following  shows  the 
data  obtained  in  these  experiments,  and  is  a  sufficient  argument  in 
favor  of  roastine:  this  cla.ss  of  ores. 


TEMPER  AT  URE.S   IN 

CENTIGRADE  DEGREES. 

Depth  below  the 
top  of  the  fur- 

nace, in  feet. 

Crude  ores. 

Half  crude, 

Roasted, 

Roasted, 

half  roasted. 

charged  cold. 

charged  hot. 

0 

50 

500 

2 

4 

90 

6 

56 

160 

8 



225 

340 

10 

90 

350 

16 

640 

18 

600 

680 

770 

22 



700 

840 

26 

950 

920 
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The  most  iraportant  province  of  roasting  seems  to  be  desulpluiriza- 
tion,  but  in  heating  the  ore  to  a  sufficient  temperature  to  drive  off 
sulphur,  other  volatile  matters  are  also  eliminated, 

"The  effect  of  sulj)hur  on  iron  has,  in  many  instances,  been  over- 
looked or  underrated.  In  charcoal-blooms  a  quantity  of  sulphur  so 
small  as  0.035  per  cent,  may  be  sufficient  to  produce  cracks  in  the 
bar-iron  rolled  from  them.  These  cracks  can  be  easily  distinguished 
from  those  resulting  from  interposed  cinder,  because  the  former  do 
not  disappear  by  repeated  welding.  In  puddled  iron  the  amount  of 
sulphur  can  be  somewhat  higher.  As  it  is  possible  to  weld  and  roll 
puddled  iron  at  a  heat  above  the  point  dangerous  for  red-shortness 
without  burning  the  iron,  the  evil  can,  to  a  certain  extent,  be  avoided. 
In  Bessemer  and  open-hearth  steel  the  influence  of  sulphur  is  believed 
to  increase  as  the  amount  of  carbon  diminishes.  In  Bessemer  steel 
for  rails  containing  about  0.35  per  cent,  carbon,  the  highest  amount 
of  sulphur  tolerated  is  reported  to  be  0.05  per  cent. 

"  To  make  gray  pig-iron  the  ore-burden  in  the  blast-furnace  must  be 
smaller  in  using  sulphurous  ores,  thereby  increasing  the  consumption 
of  coal.  Another  source  of  loss  arises  from  the  necessity  of  melting 
a  large  amount  of  limestone.  The  effect  of  sulphur  on  pig-iron  is  to 
induce  the  combination  with  carbon,  thereby  tending  to  make  white 
iron,  but  it  is  not  probable  that  the  chilling  properties  are  thereby 
increased.  For  car-wheels  there  is,  however,  not  required  a  pig- 
metal  already  combined  with  carbon,  but  one  that  is  ready  to  combine 
when  cast  against  a  chill-plate."* 

As  the  present  purpose  is  to  discuss  some  of  the  methods  pursued, 
the  appliances  used,  and  the  results  obtained  in  roasting  iron-ores, 
the  expression  "/oasting"  will  be  used  as  indicating  the  partial  elimi- 
nation of  sulphur,  the  calcination  of  carbonates,  and  the  drying  of 
hydrated  ores,  in  contradistinction  to  *'  desulphurization,"  or  the 
more  perfect  removal  of  sulphur  from  ores. 

The  subject  will  therefore  be  divided  into  two  sections : 

1st.  Roasting,  The  calcination,  or  treatment  of  ores  by  heat  in 
such  manner  as  to  remove,  practically,  one-half  of  the  sulphur,  or 
so  much  as  can  be  driven  off  by  heat  alone,  or  to  eliminate  carbonic 
acid,  water  or  volatile  matter. 

2d.  Desulphurization.  The  treatment  of  ores  by  heat  and  subse- 
quent exposure  to  oxidation  or  other  influences  which  eliminate 
additional  portions  of  the  sulphur. 

*  N.  Lilienberg  in  tlie  Jonrual  of  the  United  Stalen  Association  of  Charcoal  Iron 
Workers,  vol.  iii.,  p.  258. 
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This  naturally  forms  a  general  tlivi.sion  of  the  methods  employed, 
into  those  whieh  use  solid  fuel  in  contact  with  the  ore  under  treat- 
ment, and  those  which  are  operated  by  gaseous  fuel. 

There  are  practically  three  processes  used  for  roastintji  iron-ores 
with  solid  fuel. 

.4..  In  open  piles,  clamps,  or  ricks,  varying  from  a  few  tons  to 
thousands  of  tons  in  one  heap. 

B.  Between  closed  walls,  which  are  simply  boundaries  for  piles. 

C.  In  kilns  or  structures,  with  open,  or  practically  open,  toj)s  into 
which  ores  and  fuel  are  charged. 

In  either  case  the  fuel  used  is  generally  what  is  considered  waste, 
viz:  old  wood,  anthracite  culm,  bituminous  slack,  charcoal  braize, 
and  in  some  instances  small  coal  bought  especially  for  the  purpose. 
The  *'  buckwheat  "  coal  of  the  anthracite  regions,  used  to 'a  consider- 
able extent  in  eastern  Pennsylvania,  is  an  example  of  the  latter. 

The  subdivision  of  roasting  with  solid  fuel  will  demand  attention 
at  present,  that  of  desulphurization  in  kilns  using  gaseous  fuels  may 
be  considered  in  the  future. 

Roasting  in  Piles  or  Ricks. 

For  roasting  or  calcination  in  open  heaps,  ore  and  fuel  in  alter- 
nate layers  are  placed  upon  a  bed  of  wood  or  coal,  until  the  pile 
so  formed  reaches  to  a  desired  height.  The  proportion  of  ore  to 
fuel  in  the  several  layers  is  generally  made  to  increase  from  the  bot- 
tom towards  the  top  of  the  pile. 

"  In  the  Hartz  districts  the  first  layer  on  the  ground  consists  of  a 
bed  of  slag,  upon  which  is  placed  a  layer  of  iron-stone,  and  then 
alternate  layers  of  fuel  and  ore  until  the  whole  forms  a  truncated 
pyramid  of  some  nine  feet  in  height,  with  a  base  measuring  about  sixty 
feet  square.  The  ores  to  be  treated  are  calcareous,  and  the  process 
has  a  duration  of  from  eight  to  fourteen  days,  and  for  the  calcination 
of  each  cubic  foot  of  such  ores  about  one-third  of  a  cubic  foot  of  small 
coal  is  consumed. 

"  Ores  containing  much  carbonaceous  matters,  sulphur,  or  other 
combustible  substances,  are  treated  in  longer  heaps,  with  less  width 
at  the  base,  than  those  above  described,  whilst  the  height  of  the  pile 
rarely  exceeds  about  three  feet;  such  heaps  are  preferable  for  the 
roasting  of  these  classes  of  ores,  since  they  do  not  attain  to  so  high  a 
temperature  as  the  larger  heaps,  and  the  ore  is  not,  therefore,  so 
liable  to  become  fused  together.  Further,  also,  this  class  of  ores 
requires  to  be  calcined  in  larger  masses  than  is  the  case  with  argil- 
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laceous  and  other  ores  free  from  combustible  matters ;  but  other 
ores,  such  as  those  of  Westphalia,  which  are  less  rich  in  carbonaceous 
matters,  are  usually  treated  in  large  heaps  of  from  20  to  30  feet  in 
width,  from  15  to  20  feet  in  height,  and  of  various  lengths,  in  which 
the  calcination  is  continued  from  two  to  three  months  before  it  is 
completed."* 

Additional  details  concerning  foreign  methods  are  given  by  Crookes 
and  Rohrig  as  follows  : 

"  At  Witkowitz,  magnetic  iron-ores  are  roasted  for  three  or  four 
months,  in  heaps  about  120  feet  long,  30  feet  broad,  and  6  feet  high  ; 
100  pounds  of  ore,  consuming  0.01  cubic  foot  of  wood  in  pieces,  0.72 
per  cent,  of  coal  of  middling  size,  and  3.71  per  cent,  of  small  coke; 
one  quarter  more  of  small  coal  is  used  when  roasting  argillaceous 
spherosiderites. 

"At  Heinrichshiitte  (Westphalia),  the  black-band  ores  are  roasted 
in  heaps  from  20  to  30  feet  broad  on  the  basis,  from  10  to  15  feet 
high,  and  varying  in  breadth,  for  from  one  to  three  months,  according 
to  the  nature  of  the  ores  and  the  size  of  the  heaps. 

"  In  Westphalia,  heaps  of  the  following  construction  are  employed 
in  order  to  obtain  a  more  uniform  roasting:  The  heaps  are  120  feet 
long,  30  feet  broad,  and  5  feet  high,  inclosed  between  walls  built  up 
of  the  larger  ore-pieces,  small  openings  of  one  square  foot  being  left 
at  intervals  of  12  feet,  along  the  sides.  These  draught-holes  com- 
municate with  passages  3  feet  deep  in  the  interior  of  the  heap,  which 
are  filled  with  wood.  The  larger  blocks  are  placed  in  the  middle, 
whilst  small  ore  is  heaped  against  the  sides  of  those  passages  in  order 
to  conduct  the  flames  as  much  as  possible  into  the  heart  of  the  heap. 
After  the  heap  is  fully  ignited,  the  wall  is  pulled  down  and  thrown 
upon  those  places  where  the  fire  shows  a  tendency  to  come  too  quickly 
to  the  surface,  in  order  to  dampen  it.  A  heap  of  the  above  dimen- 
sions contains  about  17,000  cubic  feet  of  ore,  and  takes  about  a  month 
to  burn  out. 

"In  Scotland  and  Staffordshire,  black-band  ores  are  roasted  in 
heaps  from  3  to  9  feet  high,  resting  upon  a  foundation  of  coal,  at  an 
expense  of  8d  per  ton,  namely,  4d  for  labor  and  4d  for  coal. 

"  The  roasting  in  heaps  is  also  employed  at  Yniscedwin  and 
Ystalifera,  in  South  Wales,  but  in  England  and  Wales  most  of  the 
ores  are  roasted  in  kilns.  At  Yniscedwin  four  or  five  cwt.  of  coal 
are  used  for  roasting  one  ton  of  ore;  roasting  in  kilns  costs  2|d  per 

*  Steel  and  Iron. — Greenwood. 
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ton  of  ore,  and  is  much  cheaper  than  roasting  in  lieaps,  which  causes 
an  expense  of  Gd  per  ton. 

"  The  great  disadvantage  of  calcining  or  roasting  in  heai)s  is  the 
comparatively  large  consumption  of  fuel  which  the  process  entiiils, 
amounting  in  the  South  Wales  and  Staffordshire  districts  to  about 
2i  cwts.  of  coal,  consisting  of  2  cwt.  of  small  and  J-  cwt.  of 
large  coal  to  the  ton  of  ore.  There  is  also  a  difficulty  in  regulating 
the  temperature  thn>ughout  the  pile." 

In  some  cases  pile-roasting  is  carried  on  undercover;  but  ordi- 
narily the  heaps  are  exjiosed  to  the  elements  and  much  of  the  good 
result  obtained  is  lost  by  subsequent  absorption  of  moisture.  Some 
furnace-managers  claim  a  more  thorough  elimination  of  sulphur  in 
open  piles  but  confess  a  greater  expense  in  fuel. 

At  the  works  of  the  Cambria  Iron  Company,  Pa.,  the  carbonate- 
ore  is  burned  in  great  heaps  based  on  a  foundation  of  cord-wood. 
Coal  is  mixed  with  the  ore  as  the  pile  for  burning  is  formed,  using 
15  per  cent,  in  weight  of  coal. 

The  average  cost  of  mining  both  benches  of  this  ore  during  part 
of  the  year  1882  is  given  by  Mr.  John  Fulton  at  $2  47|  per  gross 
ton. 

Then,  1.20  tons  of  raw  ore  to  1  ton  burned  ore $2  97 

Labor,  burning,  to  1    "        "        "         .        .        .         .         21.8 

Wood  and  hauling,  to  1    """...         .  07 

loperct.  coal  and  [)la(.'ing,  to  1    """....  15 

Loading  on  railroad  cars,    to  1    "         "         "         .         .         .         .  12 


Total  cost  per  ton  of  burned  ore, $3  52.8 

Formerly  most  of  the  blast-furnaces  which  used  the  sulphurous 
magnetite  ore  from  Cornwall,  Pennsylvania,  roasted  it  in  heaps  of 
considerable  size,  and  in  driving  off  the  moisture  from  the  lump- 
limonites  in  Alabama,  Wisconsin  and  other  sections,  a  similar  method 
is  employed.  In  treating  the  carbonates  of  Ohio,  both  large  piles 
and  low  narrow  heaps  are  formed. 

RoA-STiNG  Between  Closed  Walls. 

The  method  of  procedure  and  the  results  possible  to  obtain  by 
calcining  ore  within  closed  walls  are  practically  the  same  as  when 
roasting  in  open  piles  or  ricks.  In  fact,  the  walls  are  simply  bounda- 
ries confining  the  ore  under  treatment,  and,  as  one  side  is  low,  or 
left  entirely  open,  a  j)artial  result  only  is  obtained,  even  when  vent- 
holes  are  placed  in  the  other  sides.     Excej^t   in  isolated  districts, 
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these  partial  struetares  are  not  used,  most  of  the  ores  roasted  being 
treated  in  open  piles,  or  in  some  more  or  less  complete  roaster. 

A  masonry  structure  26  feet  long,  24  feet  wide,  12  feet  high  at 
the  back,  and  5  feet  high  in  front,  used  at  Au  Sable  Forks,  New 
York,  for  roasting  magnetites  so  as  to  make  them  friable,  is  described 
by  Professor  Egleston  in  his  paper  on  "  The  American  Blooraery 
Process."* 

One  of  these  structures  contains  about  300  tons  of  ore,  which  re- 
quires 25  cords  of  wood  for  fuel,  and  is  under  treatment  from  3  to  6 
days. 

In  practice,  fully  as  good  results  are  obtained  by  forming  walls  of 
ore-lumps  as  by  building  them  up  with  masonry. 

Diligent  inquiry  has,  however,  failed  to  bring  to  notice  sufficient 
data  concerning  the  expense  and  labor  of  roasting  either  in  open 
heaps  or  within  closed  walls,  to  determine  any  approximate  figures 
of  cost. 

Few  managers  keep  as  accurate  data  as  would  be  desirable,  to  de- 
termine closely  the  loss  in  weight,  the  consumption  of  fuel,  and  the 
labor  required.  In  several  instances  above-quoted  these  have  been 
given,  and  they  are  probably  sufficient  to  determine  averages. 

Very  little  has  been  published  upon  the  subject  in  late  years,  but 
the  following  is  offered  as  being  of  interest  in  this  connection. 

The  loss  of  weight  during  the  process  of  calcination  varies  with 
different  ores,  for,  whilst  the  black-band  iron-ores  of  Scotland,  on 
account  of  the  large  proportion  of  bituminous  matter  which  they 
contain,  will  lose  by  roasting,  in  some  cases,  as  much  as  50  per  cent, 
of  their  weight,  the  Welsh  argillaceous  ores  suffer  a  loss  of  from  25 
to  30  per  cent.,  or  an  average  of  about  27  per  cent.  The  brown 
hematites  lose  some  12  or  14  per  cent.,  and  the  red  hematites  only 
about  6  per  cent,  of  their  weight.  (See  Greenwood's  Steel  and 
Iron.) 

Meade,  in  The  Coal  and  Iron  Industries  of  the  United  Kingdom. 
asserts  that  "the  argillaceous  iron-stones  of  JNorth  Staffordshire  lose 
in  weight  by  calcination  from  30  to  36  per  cent.  The  black-band 
ores  lose  from  50  to  60  per  cent.,  bv  even  more." 

In  Alexander's  report  upon  the  manufacture  of  iron  in  Maryland 
— 1840 — the  loss  in  weight  by  roasting  is  given  at  from  25  to  40 
per  cent,  for  carbonate-ores. 

Crookes  and  Rohrig  give  the  following  information  : 

"  Magnetic  iron-ores  lose  from  3  to  6   per  cent,  of  hygroscopic 

*  Transactions,  vol.  viii.,  page  517. 
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water,  but  their  weight  is  again  somewhat  increased  by  the  higher 
oxidation  of  the  protoxide.  Specuhir  and  red  iron-ores  lose  from  3 
to  0  per  cent.,  brown  iron-ores  from  10  to  15  per  cent.,  limonite 
from  8  to  20  per  cent.,  and  sparry  iron-ores  up  to  40  per  cent.,  but 
their  weight  is  again  somewhat  increased  by  taking  oxygen  into 
combination.  Spherosiderites  lose  from  18  to  30  per  cent.,  and 
black-band  frequently  above  40  per  cent. 

"  Upon  laying  out  the  roasted  oi'es  in  the  air  they  again  absorb 
water  in  diHerent  quantities,  according  to  their  state  of  aggregation. 
Dusty  and  clayey  ores  absorb  about  6  per  cent.  They  are,  therefore, 
preferably  kept  under  shelter.  Calcareous  ores  when  roasted  contain 
caustic  liuje,  which  disintegrates  by  absorption  of  water,  transforming 
the  ore  into  a  pulverized  condition.  Therefore,  they  must  also  be 
kept  under  shelter." 

Roasting  in  Kilns. 

Illustrations  of  various  types  of  ore-roasting  structures  are  given 
in  works  upon  metallurgy,  their  general  character  being  of  masonry 
with  bosh  and  shaft. 

In  some  treatises,  these  structures  are  divided  into  those  operating 
without  grates  and  those  having  grates.  An  examination  of  these 
authorities  offers  but  little  that  is  worthy  of  being  copied,  so  far  as 
the  kilns  using  solid  fuel  are  concerned. 

In  the  Hartz,  masonry  structures  are  sometimes  used  resembling 
a  low  stone  blast-furnace  stack,  the  internal  section  having  a  bosh 
and  a  straight  in-wall ;  and  arches  are  formed  in  the  masonry  for 
discharge-openings,  similar  to  tuyere-arches  in  blast-furnaces. 

In  roasting  in  the  kilns,  6.7  cubic  feet  of  small  charcoal  and  13.3 
bundles  of  brush-wood  are  used  for  21  cubic  feet  of  siliceous  red 
iron-ore,  and  5  feet  of  charcoal  and  8  pieces  of  brush-wood  for  21 
cubic  feet  of  calcareous  ore.  Two  workmen  roast  daily  about  285 
cubic  feet,  and  are  paid  6  cents  per  21  cubic  feet.  When  roasting 
brown  and  clay  iron-stones  the  production  is  increased  three-eighths, 
and  the  expense  for  roasting  6  cents  for  21  cubic  feet. 

In  Wales,  long  masonry-kilns  lined  with  fire-brick  were  con- 
structed ;  a  transverse  section  being  a  wedge  9  feet  wide  at  top,  2 
feet  wide  at  bottom,  and  18  feet  high  ;  the  ore  being  withdrawn  at 
the  bottom  through  suitable  openings,  and  draught  being  supplied 
by  small  holes. 

Crookes  and  Rohrig  state  that  such  a  kiln,  at  Dowlais,  had  about 
70  tons  capacity,  and  calcined  146  tons  weekly,  so  that  the  average 
VOL.  XII. — 24 


370  ROASTING   IRON-ORES. 

time  of  burning  the  charge  was  about  three  days  and  a  half.  The 
consumption  of  small  coal  was  at  the  rate  of  1  cwt.  per  ton  of  ore, 
whereas  in  calcining  in  open  heaps  2  cwt.  of  small  and  J  cwt.  of 
large  coal  were  required  to  do  the  same  amount  of  work. 

In  kilns  with  grates  at  Gleiwitz  and  Konigshiitte  (Silesia)  100 
pounds  ©fore,  losing  in  weight  28  per  cent.,  consume  0.13  cubic  feet 
of  small  coal ;  one  charge  of  ore  consists  of  75  cwt.  and  one  charge 
of  fuel  of  10|  cubic  feet. 

At  Vordenberg  one  charge  of  ore  consists  of  78  cwt.  and  a  charge 
of  fuel  of  from  31  to  34  cubic  feet  of  charcoal.  From  three  to  six 
charges  pass  the  furnace  in  fourteen  hours,  according  to  the  nature 
of  the  ore,  whilst  during  this  time  the  grate  is  three  times  opened. 
Besides  these  furnaces,  others  are  used  in  Styria  of  the  shape  of  a 
four-sided  truncated  pyramid,  and  from  8  to  12  feet  high;  they  are 
5  feet  long  at  the  top,  and  from  3|  to  4  feet  on  the  base.  They  con- 
sume 3  or  4  pounds  of  small  coal  for  roasting  1  cwt.  of  spathic  iron- 
ore,  which  loses  in  weight  19  or  20  per  cent. 

The  average  loss  of  weight  of  Welsh  argillaceous  ores  when  cal- 
cined is  given  at  27  per  cent. ;  of  black-band  from  40  to  60  per  cent. ; 
of  red  hematite  about  6  per  cent.,  and  of  Cornish,  Devonian,  and 
similar  brown  hematites  from  12  to  14  per  cent. 

At  Seraing  (Belgium)  200  cwt.  of  ore  was  roasted  in  24  hours, 
at  a  consumption  of  72  cubic  feet  of  coal  and  the  same  quantity  of 
small  coal. 

At  some  French  iron-works  from  300  to  400  cwt.  of  ore  is 
roasted  in  24  hours,  consuming  from  4|  to  5J  pounds  of  coal  per 
cwt. 

A  Styrian  roaster  to  operate  with  wood  is  illustrated  in  Osborn's 
Metallurgy^  which  consists  of  a  series  of  circular  iron  plates  or  rings, 
surrounding  a  central  draught-chamber,  the  latter  perforated  to 
admit  air  to  the  mass.  The  horizontal  spaces  between  the  plates 
furnish  additional  air-openings  at  the  periphery,  and  give  access  for 
working  the  ore  with  bars.  This  is  rather  an  ore-cage  than  a  roast- 
ing-kiln.  A  st€am-pipe  is  also  shown  as  surrounding  the  base  for 
use  with  sulphuret  ores. 

The  kiln  which  seems  to  meet  with  most  general  favor  is  known 
as  the  Gjers  calcining  furnace,  in  the  Cleveland  district,  England. 
These  have  a  bosh  and  shell  of  sheet-iron  supported  from  a  mantel 
resting  on  columns  or  brackets  and  are  lined  with  brick.  A  cone  of 
masonry  covered  with  iron  plates  is  placed  at  the  bottom,  and  the 
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Plate  I.' 


0RE-R0A5TER  AT  NORWAY  FURNACE,  BECHTELSVILLE,  PA. 
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furnaces  are  often  provided  with  iron  hoods  and  chimneys.  Amer- 
ican modifications  of  these  are  shown  by  Plates  I,  II,  III,  IV,  V. 

In  the  larger  kilns  in  the  Cleveland  districts,  the  consumption  of 
fuel  is  given  at  4  per  cent,  of  the  weight  of  ore. 

The  Gjers  kilns  are  used  to  a  considerable  extent  in  the  United 
States,  probably  more  so  near  the  Cornwall  ore-hills  in  Pennsyl- 
vania than  in  any  other  single  locality,  over  90  of  these  structures 
being  connected  with  the  furnaces  which  receive  all  or  a  part  of 
their  ore-supplies  from  the  Cornwall  ore-hills,  the  size  varying  from 
10  to  22  feet  diameter  at  bosh,  and  the  height  from  12  to  20  feet. 
They  are  lined  with  red  or  fire-brick,  and  a  number  are  provided 
with  hoods  and  chimneys  for  withdrawing  the  vapors.  In  some 
cases,  when  a  number  of  roasters  are  in  a  nest,  a  bustle-pipe  sur- 
rounding each  kiln  is  connected  with  a  draught-stack  common  to  all. 

The  kilns  roast  each  from  10  to  50  tons  of  Cornwall  ore  per  day, 
depending  upon  their  size  and  the  proportion  of  lump-ore  charged ; 
the  ore  being  under  treatment  from  2  to  10  days. 

The  amount  of  fuel  consumed  in  roasting  one  ton  of  ore  is  given 
as  varying  from  50  to  100  pounds,  and  the  cost  varies  from  20  to 
75  cents  delivered  into  the  furnace-charging  buggies.  The  average, 
we  believe,  will  approximate  30  cents  per  ton,  12  cents  being  for 
fuel  and  18  cents  for  labor. 

These  figures  were  obtained  from  special  reports  made  to  the  writer 
of  the  operation  of  Gjer's  roasters.  One  report  was  below  20  cents, 
owing  to  a  misconception  of  the  exact  query  made. 

The  manager  who  reported  the  cost  at  75  cents,  mixes  the  ores 
used  in  the  furnace  before  roasting  them,  and  this  outlay  includes 
wheeling  the  ore  in  barrows  from  various  bins  to  the  crusher,  and 
the  expense  of  crushing  it.  Where  the  Grittinger  kilns  are  used, 
the  labor  per  ton  of  ore  amounts  to  about  10  cents. 

The  Gjers  kiln,  as  introduced  into  this  country,  had  been  subjected 
to  many  modifications;  and  while  we  may  not  refer  to  all,  it  is  pro- 
posed to  give  such  facts  as  will  be  of  benefit  and  direct  to  further 
investigations.  This  type  of  roaster  was  first  introduced  into  this 
country  at  the  North  Lebanon  Furnaces,  Pennsylvania,  by  the  late 
Hon.  G.  Dawson  Coleman,  who  brought  the  necessary  drawings 
home  with  him  from  Europe,  and  expended  a  considerable  sum  in 
experiment  and  construction.  The  original  roaster  is  still  in  use, 
and  can  readily  be  distinguished  from  those  built  at  later  dates. 

Plate  I  shows  an  elevation  and  vertical  and  horizontal  sections 
of  roasters  constructed  at  Norway  Furnace,  Bechtelsville,   Pa.,   in 
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1883.  The  casing  of  each  roaster  is  supported  by  four  main  brackets 
or  legs,  on  which  both  the  bottom  ring-plate  and  the  bosh  rest.  A 
lining  of  red  brick  laid  in  clay  is  placed  within  the  casing  up  to  a 
level  with  the  charging-doors,  of  which  there  are  six.  This  lining 
has  walled  into  it  a  series  of  poke-holes  made  with  cast-iron  frames. 
The  roaster  is  covered  with  a  hood  of  wrought-iron,  and  also  has  a 
wrought-iron  draught-stack  controlled  by  a  damper.  A  solid  base 
of  masonry,  octagonal  in  plan  and  conical  in  shape,  covered  with 
cast-iron  plates,  supports  a  boiler-iron  cylinder,  3  feet  in  diameter, 
which  is  placed  in  the  kiln  with  a  view  of  securing  a  greater  regu- 
larity in  heating  the  ore  and  less  liability  of  clinkering.  Cast-iron 
plates  surround  the  base  of  the  kiln  to  facilitate  shoveling  the  ore. 
The  bottom  ring-plate,  to  which  the  shell  is  riveted  and  which  sus- 
tains the  lining,  is  supported  by  the  lower  arm  of  the  four  main 
brackets,  and  also  by  tension-rods  carried  by  stirrups  on  the  upper 
arm  of  the  brackets. 

The  castings  required  for  the  roaster  are  the  main  brackets,  cone- 
plates,  poke-hole  frames,  bottom  ring,  small  brackets,  washers,  etc., 
and  aggregate  in  weight  for  one  roaster  about  1 5,000  pounds.  The 
shoveling-plates  of  one  roaster  weigh  about  6,000  pounds.  The 
boiler-iron  for  shell,  cone,  and  draught-stack  for  one  roaster  weighs 
about  16,000  pounds,  and  the  central  cylinder  adds  to  this  about 
1,800  pounds.  In  addition  to  the  above,  there  will  be  required  for 
each  roaster  700  pounds  of  bolts,  11,000  red  brick,  IJ  tons  clay,  10 
cubic  yards  of  masonry,  and  necessary  excavation  and  grading. 

The  view  of  these  roasters  is  given  as  one  of  the  later  constructions 
of  this  particular  type.  They  are  often  constructed  without  any 
hood  or  cover  above  the  charging-level.  Most  of  them  heretofore 
built  have  had  the  bottom  ring  sustained  upon  a  series  of  short  cast- 
iron  columns.  The  central  cylinder  also  is  not  in  general  use,  the 
bottom  cone  being  ordinarily  continued  to  an  apex,  and  sometimes 
made  to  inclose  air-flues.  In  many  cases  the  poke-holes  are  simply 
circular  openings,  cut  in  the  shell  and  extended  through  the  lining. 

Plate  II  exhibits  an  elevation  and  section  of  a  roaster,  sup- 
ported on  columns  and  arranged  to  be  filled  directly  from  railway- 
cars  which  pass  over  the  top.  These  roasters  have  perforations  in 
the  shell  and  lining  which  serve  as  poke-holes.    ■ 

At  the  Colebrooke  Furnaces,  Lebanon,  Pennsylvania,  there  are 
sixteen  roasters  arranged  as  shown  on  Plate  II ;  and  the  height  of 
supporting  columns  is  varied  so  as  to  test  which  is  best  suited  for 
treating  the  Cornwall  ores.     These  kilns  are  17  feet  diameter  at 


ROASTING   IRON-ORES. 

PrATE    III. 


375 


^Vv:,A3i^:SJ^\^:SX 


GRITTIXGER  OEE-ROASTER. 


376 


EOASTING   IRON-ORES. 
Plate  IV. 


i 


PATCM-rCO 


OUMCI4t^  1881. 


HL*  I  1 


a^ritfiui 


ROASTING   IRON-ORES.  377 

bosh,  and  15i  feet,  17  feet  and  18^  feet  high.  The  material  required 
for  this  form  of  roaster  closely  approximates  what  is  demanded  for 
one  of  similar  size  of  the  pattern  shown  on  Plate  I  less  the  cone  and 
chimney. 

Plates  III  and  IV  are  illustrations  of  the  Grittinger  Ore  Kiln. 
The  former  is  an  elevation  showing  the  roaster  surmounted  by  a  cast- 
iron  hood  and  chimney,  the  chimney  being  cut  off  so  as  not  to  extend 
beyond  the  size  of  the  page.  The  method  of  discharging  the  kiln  is 
also  exhibited.  Plate  IV  shows  a  vertical  section  of  the  roaster 
without  a  hood,  and  a  top  view  looking  down  upon  the  central  star- 
shaped  cone,  a  portion  of  the  shell  and  lining  of  the  kiln  being  re- 
moved so  as  to  show  one  of  the  chutes. 

It  is  not  necessary  that  the  hood  and  chimneys  be  added,  but 
where  sulphurous  ores  are  treated  they  are  very  advantageous  in 
carrying  off  the  sulphur-fumes.  By  preference,  the  cones  and  chim- 
neys are  made  of  cast-iron,  wrought-iron  deteriorating  too  rapidly. 

The  peculiarity  of  these  kilns  is  in  the  lower  portion.  A  series 
of  column-brackets  support  a  mantel  carrying  the  shell  of  the  kiln, 
and  to  these  brackets  are  secured  the  ore-chutes  and  inclined  bottom 
plates.  In  the  centre  of  the  kiln  there  is  erected  a  cone,  star-shaped 
in  section,  the  points  of  the  star  abutting  against  the  column- 
brackets  ;  the  spaces  between  the  points  or  ridges,  forming  chutes  of 
constantly  decreasing  incline  and  dividing  the  area  of  the  kiln  into 
practically  uniform  sections,  thus  encouraging  a  regular  division  of 
the  ore  to  the  outside  shoots.  A  large  flue  passes  up  within  the 
star-shaped  cone  and  supplies  ample  air  for  combustion  in  the  centre 
of  the  kiln,  as  shown  by  arrows  in  the  vertical  section,  Plate  IV. 

By  erecting  the  kiln  on  a  masonry  base  and  providing  pivoted 
grates,  controlled  by  levers,  to  the  outside  chutes,  a  minimum  amount 
of  labor  is  required  to  discharge  the  ore.  The  ore  and  fuel  (the 
latter  generally  culm,  slack  or  braize)  are  charged  at  the  top  in 
approximate  layers,  and  ordinarily  no  additional  labor  is  required, 
except  to  raise  the  pivoted  gate  when  filling  a  charging-barrow. 
Should  there  be  any  sign  of  unequal  roasting,  bars  can  be  inserted 
in  the  openings  in  the  shell,  which  also  supply  air  for  combustion  to 
the  outer  portion. 

There  are  twenty  of  these  roasting  kilns  in  use  at  the  Bird  Cole- 
man furnaces,  and  six  at  the  North  Cornwall  furnace,  Cornwall, 
Lebanon  county.  Pa. 

The  following  is  a  memorandum  of  the  material  required  for  the 
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construction  of  a  Grittinger  kiln,  15  feet  diameter,  which  has  been 
furnished  us  by  Mr.  H.  C.  Grittinger  of  Cornwall,  Pa.,  the  patentee. 

20  perches  stone  masonry  in  base. 

10,500  red  bricks  in  base  and  lining  of  casing. 

Cast-iron  base : 

Pounds. 

4  columns, 5600 

4  segments  of  mantel, 4000 

24  cone  or  chute-plates, 9000 

1  base  plate 2400 

4  cast-iron  shafts  for  shoots, 200 


21,200 


Eight  plate-iron  sides  and  braces  for  chutes  H"),  1600  pounds. 
Bolts,  bar-iron,  and  blacksmith  work.  Casing  12  feet  high,  15  feet 
diameter  at  top  and  at  bosh,  and  12  feet  diameter  at  bottom,  made 
of  10-lb.  plate-iron  weighing  6500  pounds.  This  does  not  include 
hood  or  chimney. 

A  kiln  15  feet  in  diameter,  and  of  the  proportions  shown  in  Plate 
III,  will  hold  about  125  tons  of  Cornwall  ore  and  roast  from  18 
to  25  tons  per  day,  dependent  upon  the  amount  of  fine  ore.  The 
Cornwall  ore,  as  used,  is  about  one-half  fine,  and  one  half  lump, 
containing  about  3  per  cent,  of  sulphur. 

The  consumption  of  fuel  per  ton  of  roasted  ore  is  from  85  to  95 
pounds  of  "buckwheat"  anthracite  coal,  and  the  labor  will  average 
throughout  the  year  not  more  than  10  cents  per  ton  of  ore  roasted. 

This  kiln  is  not  claimed  to  be  a  complete  desulphurizer,  like  the 
gas-roasting  furnaces,  but  it  is  the  result  of  extended  practical  expe- 
rience, and  the  various  improvements  embodied  in  it  are  believed  to 
permit  better  results  than  any  other  form  of  roaster  in  which  the 
solid  fluid  is  mixed  with  the  ore,  driving  off  all  the  sulphur  which 
can  be  expelled  by  the  simple  application  of  heat. 

The  largest  roasters  of  the  Gjers  form  are  located  at  Burden  Sta- 
tion, New  York,  to  treat  the  carbonate  ores  from  the  neighboring 
mines  of  the  Hudson  River  Ore  and  Iron  Company.  These  kilns, 
which  are  illustrated  in  Plate  V,  are  24  feet  in  diameter  and  60  feet 
in  lieight.  Each  is  constructed  with  a  wrought-iron  shell  resting 
upon  a  heavy  cast-iron  mantel,  which  is  supported  on  six  cast-iron 
columns  10  feet  3  inches  high.  The  space  within  the  columns  is 
built  up  of  masonry  to  form  a  cone  which  is  covered  by  cast-iron 
plates  connecting  with  chutes.  The  shell  is  lined  with  brick,  so  that 
the  diameter  at  the  mantle  is  17  feet  10  inches.     From  this  point 
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the  lining  slopes  to  the  bosh,  which  is  21  feet  in  diameter;  and  this 
size  is  ciMitinnetl  to  the  top.  In  filling  the  roasters  the  ores  are  rnn 
by  gravity  in  mine-oars  Irom  the  mines  over  the  top  of  the  roaster, 
on  the  tracks  shown,  so  as  to  reduce  to  a  minimum  the  amount  of 
labor.  Fuel  is  feil  in  a  similar  manner.  In  discharging,  narrow- 
gauge  cars  are  run  under  the  chutes,  filled  with  ore,  and  then  run  by 
gravity  and  duraj)ed  into  boats  or  standard  gauge  cars  at  the  Hud- 
son River. 

Wiiether  these  large  roasters  will  meet  the  expectations  of  the 
company  which  has  erected  them,  is  yet  to  be  determined. 

The  nearest  approach  to  the  dimensions  of  the  roaster  illustrated 
by  Plate  V,  is  at  Cornwall,  Pa,,  where  an  abandoned  blast-furnace 
stack  has  been  utilized  by  transforming  it  into  a  roasting-kiln,  18 
feet  in  diameter  and  38  feet  high. 

The  writer  anticipated  giving  quantities  of  material  and  weights 
for  all  of  the  roasters  illustrated;  but  a  fire,  which  destroyed  the 
records  of  one  form,  and  the  illness  of  a  member  of  the  Institute 
who  had  promised  the  data  of  another,  have  made  this  impossible. 


SO:^LE  BESEABCHES  ON  THE  AMALGAMATION  OF  GOLD 

AND  SILVEB. 

BY  T.  EGLESTON,  PH.D.,  NEW  YORK  CITY. 

In  the  year  1881  I  presented'to  the  Institute  two  papers  contain- 
ing the  results  of  researches  on  gold,  in  which  I  endeavored  to  make 
plain  some  of  the  causes  of  the  losses  in  the  working  of  gold-ores. 
Since  that  time  I  have  continued  this  investigation  at  intervals 
with  the  following  results. 

In  the  papers  previously  presented  to  the  Institute  I  made  no 
attempt  to  make  compounds  containing  more  than  two  substances. 
Since  then  I  have  endeavored  to  make  more  complex  compounds. 
The  experiments  consist  in  fusing  mispickel  free  from  gold  with  a 
certain  amount  of  metallic  gold,  and  experimenting  with  that;  also 
fusing  the  same  mineral  with  sulphide  of  antimony,  and  fusing  iron 
pyrites  with  gold  and  compounds  of  antimony. 

The  mixture  was  made  with  mispickel  taken  from  a  vein  not 
far  from  Stamford,  Conn,,  absolutely  free  from  gold.  It  was  fused 
with  gold  in  a  crucible,  reduced  to  powder,  carefully  roasted,  sam- 
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pled  and  assayed,  and  found  to  contain  143  ounces  of  gold  to  the  ton. 
This  mixture  was  then  amalgamated  in  an  iron  vessel  without 
chemicals  with  clean  mercury,  and  by  this  method  36  ounces,  or 
25  per  cent.,  were  extracted  and  107  ounces  were  left  in  the  tails.  It 
was  then  amalgamated  with  a  neutral  solution  of  bichloride  of  mer- 
cury in  an  iron  vessel  and  11  ounces,  or  7.5  per  cent.,  were  extracted 
and  132  retained  in  the  tails,  making  a  total  of  32.5  per  cent, 
extracted. 

Another  sample  was  treated  with  mercury  and  an  acid  solution  of 
bichloride  of  mercury  in  an  iron  vessel  and  13  ounces,  or  9  per  cent., 
were  extracted  and  130  left  in  the  tails,  the  acidity  of  the  solution 
having  produced  no  effect.  An  electric  current  was  then  passed 
through  a  sulphuric  acid  solution  with  mercury;  23  ounces,  or  16 
per  cent.,  were  extracted  and  120  left  in  the  tails,  or  25  per  cent, 
altogether  extracted. 

A  fresh  sample  was  then  treated  with  cyanide  of  potassium  and  mer- 
cury in  an  iron  vessel,  and  62  ounces,  or  43.3  per  cent.,  were  extracted 
while  81  ounces  were  left  in  the  tails.  These  tails  were  then  re- 
amalgamated  with  cyanide  of  potassium  ;  two  ounces  were  extracted 
and  79  left  in  the  tails.  These  tails  were  again  re-amalgamated 
with  salt,  bichloride  of  mercury,  and  mercury,  and  two  ounces,  or  in 
all  46  per  cent,  were  extracted  and  77  ounces  were  left  in  the  tails. 

After  repeating  these  experiments  a  number  of  times,  the  conclu- 
sion was  drawn  that  on  artificially  prepared  substances  such  as 
these,  made  by  fusion,  the  most  careful  and  prolonged  roasting 
did  not  sufficiently  destroy  the  combinations  of  the  gold,  or  more 
probably  the  coating  of  oxide  of  iron  on  the  gold,  so  as  to  enable 
the  mercury  to  reach  it  even  when  bichloride  of  mercury  was  added 
with  a  neutral  solution,  and  no  advantage  was  gained  by  treating 
such  an  ore  with  bichloride  of  mercury,  even  in  an  acid  solution  ; 
and  that  even  with  cyanide  of  potassium,  which  acted  the  most  pow- 
erfully of  all  the  chemicals,  the  amount  of  loss  would  necessarily  be 
very  large,  and  that  it  is  consequently  dangerous  in  roasting  ores  of 
gold  containing  sulphur  and  arsenic  ever  to  allow  a  high  temperature 
in  the  furnace.  The  amount  of  sulphur  contained  in  the  roasted  ore 
was  not  determined  chemically,  but  it  was  quite  small,  and  so  was 
also  the  amount  of  arsenic.  The  roasting  was  prolonged  and  very 
carefully  done,  every  precaution  being  taken  to  prevent  such  an 
elevation  of  the  temperature  as  would  cause  the  ore  to  fritt,  and 
every  effort  was  made  to  have  the  processes  conducted  exactly  as  they 
would  have  been  in  a  mill. 
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Sulpliide  of  antimony  free  from  gangue  was  then  mixed  with  the 
pulverized  ai"senopvrite,  and  tine  sponge  gold  added  to  it,  and  the 
whole  fusetl  in  a  crucible.  It  was  then  pulverized,  roasted,  and 
assayeil,  showing  $516.72  to  the  ton.  It  was  then  treated  in  an  iron 
vessel  with  cyanide  of  potassium  and  mercury.  The  tails  assayed 
$69.27,  showing  that  88  per  cent,  of  the  gold  had  been  extracted. 

Another  sample  of  the  same  ingredients  was  melted  in  a  crucible 
and  assayed  249.5  ounces  to  the  ton  after  amalgamation.  The  tails 
containeil  57.7  ounces,  showing  that  only  76.9  per  cent,  of  the  gold 
had  been  extracted. 

Pulverized  iron  pyrites,  stibnite  and  gold  were  then  fused  to- 
gether, carefully  roasted  and  assayed  56  ounces  to  the  ton.  The 
roasted  ore  was  then  amalgamated  with  cyanide  of  potassium  in  an 
iron  vessel,  and  9.1  ounces  were  extracted.  The  tails  were  then 
amalgamated  with  bichloride  of  mercury  and  mercury  in  an  iron 
vessel,  and  4.8  ounces  extracted,  or  13.9  ounces  altogether,  showing 
an  extraction  of  only  24.82  per  cent.  As  a  microscopic  examination 
showed  a  very  few  excee<lingly  small  spots  of  undecom posed  pyrites, 
it  was  thought  best  to  repeat  the  experiment.  Another  mixture  was 
made  which,  after  roasting,  assayed  120  ounces  to  the  ton.  The  roast- 
ing was  done  with  the  greatest  care  at  a  low  temperature.  After  the 
fumes  ceased  to  be  given  off,  powdered  charcoal  was  added  to  reduce 
any  oxidized  compounds.  The  excess  of  charcoal  was  burned  out  at 
as  low  a  temperature  as  possible.  Only  25.36  ounces  were  extracted, 
or  21.14  per  cent.,  thus  confirming  the  previous  experiment. 

Up  to  this  time  I  had  never  been  able  to  obtain  from  any  of  the 
mines  a  mispickel  containing  gold.  Since  the  Troy  meeting  of  the 
Institute  I  have,  through  the  kindness  of  Messrs.  Rothwell  and 
Piatt,  obtained  some.  The  raw  ore  contained  14.17  per  cent,  of 
sulphur,  and  20.50  per  cent,  of  arsenic.  The  roasted  ore  contained 
0.67  per  cent,  of  sulphur  and  1.87  per  cent,  of  arsenic.  The  assay 
of  the  roasted  ore  showed  it  to  contain  $67.88  per 'ton  in  gold,  and 
$5.17  in  silver.  On  treating  it  with  cyanide  of  potassium  and  mer- 
cury in  an  iron  vessel  the  tails  were  found  to  contain  $14.16  of  gold 
and  $3.67  silver,  so  that  75  per  cent,  of  the  gold,  and  only  30  per 
cent,  of  the  silver  was  obtained  by  this  process.  This  treatment  of 
the  roasted  ore  was  much  more  successful  than  with  the  material 
which  had  been  fused,  and  shows  the  necessity  of  avoiding  high 
temperatures  in  roasting  gold  ores. 

It  is  evident  that  without  the  use  of  expensive  chemicals  under  con- 
ditions artificially  produced  there  is  something  which  prevents  the 
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amalgamation  when  arsenic,  antimony,  and  sulphur  are  together  in 
the  ore.  Exactly  what  this  is  I  have  not  yet  been  able  to  ascertain, 
but  hope  at  some  future  time  ito  be  able  to  announce  to  the  Institute 
exactly  what  the  conditions  are,  which  when  sulphur,  antimony,  and 
arsenic  are  present,  prevent  the  gold  from  being  attacked  by  the 
mercury ;  but  I  have  little  doubt  that  it  is  for  the  most  part  a  coating 
formed  during  the  roasting,  and  that  the  imperfection  of  the  trials  is 
owing  to  tlie  same  cause,  and  to  the  very  small  quantities  necessarily 
used  in  the  laboratory  tests. 

As  in  the  Roanoke  meeting  of  the  Institute  doubt  was  thrown  on 
the  experiments  on  the  non-amalgamation  of  hardened  gold,  I  have 
renewed  them  with  great  care.  A  neutral  solution  of  corrosive  sub- 
limate will  scarcely  attack  gold  at  all  under  any  conditions  whether 
hard  or  soft.  I  have  repeatedly  tried  the  experiment  of  placing  the 
pieces  of  gold  in  a  neutral  solution  and  touching  them  with  a  point 
of  iron,  such  as  a  knife-blade.  The  blade  of  the  knife  became  inva- 
riably corroded,  and  amalgamation  sometimes  took  place  at  the  point 
where  the  iron  touched  the  gold,  but  spread  no  further  even  after 
prolonged  contact  with  the  iron.  When  this  same  soft  gold  was  placed 
in  an  acid  solution  and  touched  with  an  iron  point,  the  amalgamation 
took  place  instantaneously.  When,  however,  the  gold  which  has 
been  hardened  by  beating  on  an  anvil,  is  subjected  to  even  the  acid 
solution,  it  amalgamates  very  slowly,  even  with  prolonged  contact 
with  the  salt  of  mercury. 

Through  the  kindness  of  Tiffany  &  Co.  I  obtained  samples  ot 
pure  gold  and  of  gold  alloyed  with  copper.  These  samples  were 
first  rolled  until  they  were  extremely  hard  and  then  were  hammered 
on  an  anvil  and  were  placed  in  contact  with  mercury.  After  a  con- 
siderable time  they  began  to  amalgamate  very  slowly.  Samples  of 
the  same  gold  were  then  annealed  in  an  ordinary  Bunsen  flame, 
after  which  annealing  they  became  perfectly  black  and  would  not 
amalgamate  at  all  under  any  conditions,  owing  to  the  formation  of 
an  oxide  of  copper  upon  the  surface  of  the  metal  which  prevented 
contact.  When,  however,  the  original  alloy  and  also  the  alloy  an- 
nealed was  treated  in  nitric  acid  they  both  amalgamated  with  equal 
readiness.  It  appears  therefore  that  not  only  will  fine  gold  which 
is  hammered  be  prevented  from  amalgamation,  but  that  the  ordi- 
nary alloys  of  gold  will  also  be  prevented  equally  from  amalgama- 
tion. When  fine  gold,  as  I  stated  in  my  previous  researches,  is  ham- 
mered, it  does  not  amalgamate ;  but  when  it  is  annealed,  it  will  im- 
mediately amalgamate.     This  appears  not  to  be  the  case  with  all 
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alloys,  where  there  is  an  opportunity  in  the  course  of  annealing  for 
an  oxide  to  be  formed. 

In  order  to  reproduce  the  conditions  in  which  metallic  gold  is 
fonnd  in  the  stamp  mills,  strips  and  pieces  of  gold  were  pounded  in 
a  perfectly  clean  iron  mortar  with  a  clean  pestle  in  as  nearly  as  j)os- 
sible  the  same  conditions  as  tliey  would  be  in  an  ordinary  stamp 
mill.  It  was  fonnd  that  when  the  stamping  was  done  under  water 
and  with  light  blows,  and  for  only  a  short  time  while  there  was  an 
evident  increase  in  the  difficulty  of  amalgamating,  the  gold  did 
amalgamate  with  sufficient  readiness  to  insure  that  the  most  of  it 
would  be  caught  by  the  mercury  after  prolonged  contact.  When, 
however,  the  blows  were  very  heavy  and  the  pounding  continued  for 
some  time  so  as  to  flatten  out  the  piece,  prolonged  contact  with  the 
mercury  produced  only  a  very  slight  amalgamation  which  did  not 
even  show  the  smallest  trace  under  five  minutes,  and  was  only  partial 
even  after  half  an  hour.  Every  attempt  was  made  to  make  the  mercury 
attack  this  gold.  It  was  placed  directly  in  and  on  it,  but  the  quick- 
silver roUetl  over  and  over  as  if  the  gold  had  been  so  much  sheet 
iron.  Even  when  the  mercury  commenced  to  adhere  to  the  gold  it 
was  in  very  minute  spots  which  did  not  spread  for  a  long  time. 
When  a  piece  of  the  same  metal  was  treated  with  acid,  there  was  a 
perceptible  difl^erence  in  the  rate  of  amalgamation ;  but  it  was  still 
very  slow,  too  slow  for  the  amalgamation  of  an  ordinary  statnp 
mill.  When  these  same  pieces  were  annealed  they  amalgamated 
immediately.  The  same  operation  was  repeated  on  pieces  pounded 
in  a  mortar  without  water.  The  amalgamation  took  place  even 
more  slowly  than  before.  AVhen  the  pieces  were  cleaned  with  acid 
they  amalgamated  about  as  slowly  as  the  pieces  treated  under  water 
which  had  not  been  cleaned.  It  took  a  much  longer  time  to  pro- 
duce the  adherence  of  the  fine  globules  of  mercury,  and  they  propa- 
gated themselves  much  more  slowly.  In  every  case  where  a  freshly 
broken  edge  came  in  contact  with  the  mercury  it  was  attacked  at 
once,  showing  that  a  film  had  been  formed  which  prevented  contact. 
This  film  is  slowly  dissolved  by  acids  and  quickly  dissipated  by 
heat,  for  when  they  were  annealed  the  pieces  amalgamated  at  once. 
The  same  results  were  obtained  when  the  gold  was  beaten  on  a 
dusty  anvil. 

The  same  experiments  were  tried  with  silver.  Pieces  obtained 
from  an  assay,  which  were  consequently  nearly  pure,  were  pounded 
in  a  mortar,  some  with,  others  without  water.  Those  in  which  the 
water  was  used  presented  a  perfectly  clean  appearance  somewhat 
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duller  than  the  ordinary  color  of  silver,  and  when  made  into  a  small 
dish  and  a  globule  of  mercury  placed  upon  it,  it  retained  the 
mercury  for  a  considerable  length  of  time  without  being  affected  by 
it  at  all.  When  the  mercury  was  placed  in  a  vessel,  and  the  silver 
dipped  in  it,  it  did  not  attack  it  all  at  first,  but  after  considerable 
agitation  and  rubbing  against  the  sides  of  the  vessel  an  attachment 
was  made  on  the  edge.  When  this  edge  was  broken  the  mercury 
attacked  the  fracture  at  once,  very  fine  globules  being  disseminated 
all  over  the  edge.  Notwithstanding  this  the  surface  resisted  the 
contact  of  the  mercury  for  a  considerable  length  of  time,  and  then 
was  only  irregularly  attacked.  When  the  piece  was  treated  in  di- 
luted sulphuric  acid  for  some  time  and  then  cleaned  and  treated 
with  mercury,  it  resisted  in  the  same  way,  but  for  a  shorter  time. 
When  this  piece  so  cleaned  was  annealed  in  a  Bunsen  burner,  the 
mercury  attacked  it  instantly. 

The  pieces  which  had  been  pounded  in  the  mortar  without  water, 
had  a  much  darker  appearance  in  patches  unevenly  distributed  over 
the  surface  of  the  piece.  It  resisted  the  action  of  the  mercury  for  a 
great  length  of  time,  but  when  placed  in  a  vessel  with  the  mercury 
and  treated  with  sulphuric  acid,  it  acted  in  about  the  same  way 
as  the  piece  pounded  under  water  did  before  being  cleaned.  It 
would  have  taken  a  very  long  time  to  have  amalgamated  the  whole 
of  the  piece.  When  the  cleaned  piece  w^as,  however,  annealed  and 
placed  in  the  mercury  it  amalgamated  like  all  the  others  instantly. 

It  thus  appears  that  silver  as  well  as  gold  is  atfected  by  pounding, 
and  that  under  the  most  favorable  conditions,  where  no  foreign 
material  is  present,  it  will  amalgamate  with  very  great  difficulty. 
When,  however,  any  foreign  material,  as  dust,  or  small  particles  of 
ore  had  been  allowed  to  remain  in  the  mortar  or  on  the  pestle,  the 
amalgamation  took  place  even  more  slowly  than  before,  and  in  some 
cases  after  a  number  of  hours,  no  perceptible  effect  of  the  mercury 
could  be  observed.  That  this  coating  is  a  superficial  one,  that 
amalgamation  is  possible  where  there  is  a  freshly  broken  edge,  and 
that  this  amalgamation  on  the  edge  will  eventually  extend  through 
the  whole  piece,  and  that  the  pounding  of  the  pieces  is  undoubtedly 
a  source  of  loss  in  the  mills,  these  experiments  seem  to  settle  deci- 
sively. 

It  is  well  known  to  silversmiths  that  when  silver  is  annealed 
after  being  hardened  it  turns  black,  and  that  when  this  is  placed  in 
the  pickling  acid  the  black  substance  is  dissolved  upon  the  surface 
and  it  becomes  perfectly  white.    When,  however,  this  white  coating 
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is  brushed  into,  there  api^eai-s  beknv  it  a  purple  ('oating  wliicli  is  com- 
posed of  the  oxides  of  copper  and  of  silver,  and  this  purple  coating 
cannot  be  removed  except  at  considerable  expense.  A  microscopic 
examination  of  the  coating  shows  that  when  the  pickling  acid 
attacks  the  coating  of  oxides,  it  does  so  only  superficially,  leaving  a 
porous  coating,  which  when  highly  magnified  shows  the  oxide  below. 
As  the  oxides  are  lodircd  in  the  bottom  of  the  lines  of  the  scratches 
which  are  produced  by  the  polishing,  the  decomposition  of  the  light 
gives  the  appearance  of  a  purple  color.  When,  however,  the  objects 
are  highly  magnified,  only  the  white  color  of  the  pure  silver  and  the 
brown  in  the  bottom  of  the  depressions  of  the  scratches  are  seen. 
It  seems  probable  that  similar  oxides  form  upon  gold- alloys  and 
prevent  the  contact  of  the  mercury. 

Discussion. 

R.  P.  RoTHWELL,  Xew  York  City :  I  have  been  treating  arsen- 
ical pyrites  for  some  time.  I  have  made  a  good  many  tests,  cover- 
ing perhaps  a  thousand  or  fifteen  hundred  tons  of  mispickel  ores, 
treating  bv  amalgamation  in  pans,  and  I  do  not  find  the  difficulty 
that  Dr.  Egleston  has  suggested  in  roasted  ores.  On  the  contrary, 
I  was  able  to  get  out  over  eighty,  up  even  to  eighty -six  per  cent. 
of  the  gold  from  roasted  mispickel.  If  Dr.  Egleston  had  confined 
his  remarks  to  raw  mispickel,  I  think  he  would  have  expressed  about 
what  I  found  to  be  true  in  treating  the  raw  ores  by  amalgamation, 
but  in  the  roasted  ores,  you  can  get  out  a  very  large  percentage. 

The  percentage  that  can  be  amalgamated  in  raw  mispickel  M'ill 
probably  not  exceed  30  to  40.  The  reason  for  this  I  am  not  able 
to  state;  but  ^Ir.  Riotte  of  Mathey  &  Riotte,  of  New  York,  who 
tested  some  of  our  mispickel  ores,  told  me  that  he  had  examined  it 
with  a  microscope,  and  that  the  gold  in  it  was  what  you  would  call 
coarse  gold,  though  to  the  naked  eye  the  gold  seemed  pretty  fine,  yet 
under  the  glass  it  was  comparatively  coarse  gold.  As  far  as  he  could 
see  with  the  microscope,  it  stopped  suddenly  at  a  certain  line  and  be- 
yond that  he  found  no  fine  gold.  Even  though  he  pulverized  it 
very  finely  in  a  mortar,  he  could  find  no  more  free  gold  in  it.  He 
then  assayed  this  remaining  mispickel  that  had  not  apparently  any 
gold  in  it,  and  he  found,  as  he  told  me,  very  uniformly  about  twenty 
dollars  a  ton  in  it,  that  was  in  the  condition  of  what  he  called  "  com- 
bined gold."  I  do  not  know  whether  that  is  the  reason  that  it  did  not 
amalgamate,  but  I  know  that  the  arsenic  has  something  to  do  with 
it,  and  that  this  is  very  injurious  in  amalgamation  by  reason  of 
VOL.  xu. — 25 
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flouring  the  quicksilver;  but  wlien  you  roast  these  ores,  even  though 
you  are  unable  to  get  out  all  the  arsenic,  there  is  no  difficulty  what- 
ever in  getting  at  least  as  perfect  an  amalgamation  as  you  do  from  free 
gold-ores  generally.  AVlien  we  extracted  that  percentage,  the  roast 
was  made  in  a  revolving  cylinder  24  feet  long,  and  it  was  not  so 
perfect  a  roast  as  is  necessary  for  chlorination,  and  yet  we  got  that 
high  percentage.  AVhen  the  ores  are  thoroughly  roasted,  although 
they  still  contain  some  arsenic,  which  you  find  in  solution  after  chlo- 
rination,  they  will  amalgamate  up  to  a  very  high  percentage.  The 
average  of  the  first  eight  hundred  tons  that  I  treated  by  chlorina- 
tion  gave  about  ninety-four  and  a  half  per  cent,  and  it  rau  up  to 
ninety-eight  and  even  ninety-nine  per  cent.,  fire  assay,  that  we  would 
get  out  by  leaching  the  chlorinated  ore.  But  chlorinatiou  requires 
a  more  perfect  roast  than  amalgamation.  I  see  nothing,  therefore, 
in  the  arsenic  that  interferes  with  chlorinatiou,  nor  with  amalgama- 
tion, if  you  roast  the  ores  well ;  though  you  never  get  rid,  as  I  say, 
of  all  the  arsenic,  which  you  find  again  in  the  solution,  where  it 
produces  new  complications,  whicii  the  Professor  has  not  referred  to 
and  which  it  is  not  necessary  to  mention. 


NOTE  ON  THE  FIBE  CREEK  COKE  OF  WEST  VIE  GIN  I  A. 

BY  FRED.  P.   DEWEY,  WASHINGTON,  D.C. 

In  ray  paper  on  the  porosity  and  specific  gravity  of  coke,  read  at 
the  Koanoke  meeting,  June,  1883,  and  published  in  this  volume,  an 
analysis  by  Dr.  Henry  Froehling  is  reported  (p.  10  of  the  prelimi- 
nary edition  of  the  paper,  or  p.  120  of  this  volume),  as  showing  the 
composition  of  Fire  Creek  coke.  This  analysis  \\;as  of  coke  made  in 
beehive  ovens  at  Low  Moor,  Va.,  from  New  River  coal.  Dr.  Froeh- 
Ing's  analysis  of  the  Fire  Creek  coke  was  as  follows: 

Moisture 0.260 

Volatile  matter 0.2G0 

Fixed  c;irbon 92.377 

Ash G.750 

Rulplmr 0.535 

rhosphorus 0.0146 

Both  analyses  are  reported  side  by  side  in  The  Virginias  for  1883, 
p.  99.     By  an  error  in  copying,  the  Low  Moor  analysis  was  trans- 
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forred  to  my  pnjier,  ins-teail   of  the  Fire  Crook  analysis,  ■which   I 
iiitomleil  to  quote. 


THE  LA  W  OF  THE  APEX. 

BY   E.    "«'.    RAYMOND,    NEW  YORK  CITY. 

Thi.-^  name  is  a])plio(l  to  the  present  mining  hiw,  as  enacted  in 
1872  anil  since,  to  iiuliouto  its  loadintjj  characteristic — in  which  it 
ditJ'ers  iVoin  all  previous  mining  laws  of  this  or  any  other  country. 
Tiie  earlier  aet,  passed  in  1866,  was  practically  the  first  attempt  of 
Congress  to  deal  with  the  question  of  mining  titles  uj)on  the  public 
domain.  It  was  framed  after  nearly  twenty  years  of  acquiescence 
on  the  part  of  the  Government  in  the  self-constituted  tribunals,  offi- 
cials, rules,  and  customs  of  the  mining  districts.  In  its  recognition 
of  these,  and  in  several  other  particulars,  the  act  of  1866  was  open 
to  serious  criticisms.  It  is  the  purpose  of  this  paper,  not  to  trace 
the  history  of  legislation  on  this  subject,  or  show  in  detail  what  were 
the  faults  of  the  earlier  law,  but  rather,  by  a  discussion  of  certain 
aspects  of  the  present  law,  to  point  out  how  great  a  revolution  it  has 
effected  in  the  rights  of  mining  locators,  and  to  indicate  some  of  the 
difficulties  attentling  its  application. 

In  the  attempt  to  correct  the  vagueness  of  the  act  of  1866  an 
entirely  new  element  was  introduced  into  the  law,  bringing  with  it 
a  new  set  of  difficulties.  Under  the  act  of  1866  and  the  miners' 
customs  which  it  followed,  the  lode  was  the  thing  claimed  and  sub- 
sequently acquired  by  patent.  And  the  claim  to  a  given  number  of 
feet  on  the  longitudinal  course  of  the  lode  was  rooted  in  a  discovery 
of  any  part  of  the  lode  in  any  ])art  of  the  claim.  ("Extensions" 
could  in  many  districts — perhaps  universally — be  located  and  claimed 
on  the  strength  of  the  discovery  in  the  principal  claim  to  which 
they  referred;  but  this  is  a  point  not  essential  to  the  present  discus- 
sion.) It  was  not  necessary  to  find  the  outcrop  or  the  upper  edge  of 
a  lode  in  order  to  lay  a  valid  location  upon  it.  An  ex[)lorer,  sink- 
ing a  shaft  and  intersecting  a  lode  not  already  discovered  and 
claimed  by  another,  could  claim  by  that  discovery  the  number  of 
feet  along  that  lode  which  the  local  laws  might  permit  (not  exceed- 
ing the  maximum  set  by  the  United  States  statute)  whether  his  sur- 
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veyed  surface-claim  included  the  outcrop  or  not.  The  surface, 
although  it  might  be  surveyed  and  bought  for  so  much  per  acre 
from  the  United  States,  was  not  conveyed  in  fee  to  the  locator.  He 
acquired  only  an  easement  or  right  to  occupy  this  surface  with  shafts, 
adits,  buildings,  machinery,  dumps,  etc.,  necessary  for  the  working 
of  his  mine.  By  one  decision,  at  least,  in  Nevada,  it  was  held  that 
a  patentee  could  exclude  explorers  from  the  surface  of  his  claim  ;  but 
this  was  overruled  by  the  Supreme  Court  of  the  State  on  the  ground 
that  the  United  States  statute  was  intended  to  confirm,  not  diminish, 
the  rights  of  miners  as  existing  before  its  passage.  On  the  same 
ground  it  was  held  in  Utah  (in  the  Emma-Illinois  case)  tiiat  the 
right  to  a  certain  number  of  feet  of  the  course  of  a  lode  "  together 
with  the  right  to  follow  such  vein  or  lode,  witii  its  dips,  angles,  and 
variations,  to  any  depth,  althougii  it  may  enter  the  land  adjoining," 
was  independent  of  the  surface-lines  of  the  location.  This  case  was 
never  ap{)ealed,  but  the  decision  was  reversed  by  the  United  States 
Supreme  Court  in  the  Flagstaff  case  [Flagstaff  S.  M.  Co.  v.  Tarbet, 
8  Otto,  4G3),  to  which  further  reference  will  be  made. 

The  act  of  1872,  in  its  third  section  (now  section  2322  of  the 
Revised  Statutes)  reads  as  follows : 

"The  locators  of  all  mining-location?  heretofore  made,  or  which  shall  hereafter 
be  made,  on  any  mineral  vein,  lode,  or  ledge,  situated  on  the  public  domain,  their 
heirs  and  assigns,  where  no  adverse  claim  exists  on  the  tenth  day  of  May,  1872,  so 
long  as  they  comply  with  the  laws  of  the  United  States,  and  with  State,  Territorial, 
and  local  regulations  not  in  conflict  with  the  laws  of  the  United  States  governing 
their  possessory  title,  shall  have  the  exclusive  right  of  possession  and  enjoyment  of 
all  the  surface  included  within  the  lines  of  their  locations,  and  of  all  veins,  lodes, 
and  ledges  throughout  their  entire  depth,  the  top  or  apex  of  which  lies  inside  of 
such  surface-lines  extended  downward  vertically,  although  such  veins,  lodes,  or 
ledges  may  so  far  depart  from  a  ])erpendicular  in  tlieir  course  downward  as  to  extend 
outside  the  vertical  side-lines  of  sucii  surface-locations.  But  their  right  of  posses- 
sion to  such  outside  parts  of  such  veins  or  ledges  shall  be  confined  to  sncli  portions 
thereof  as  lie  between  vertical  planes  drawn  downward  as  above  described,  through 
the  end-lines  of  their  locations,  so  continued  in  their  own  direction  tiiat  such  planes 
■will  intersect  such  exterior  parts  of  such  veins  or  ledges.  And  nothing  in  this  sec- 
tion shall  authorize  the  locator  or  possessor  of  a  vein  or  lode  which  extends  in  its 
downward  course  beyond  the  vertical  lines  of  his  claim,  to  enter  upon  tlie  surface  of 
a  claim  owned  or  possessed  by  another." 

Section  2  of  the  act  of  1872  (section  2320  of  the  Hevlsed  Statutes) 
makes  the  following  provisions  as  to  shape  and  size  of  claims: 

"Mining-claims  upon  veins  or  lodes  of  quartz  or  other  rock  in  place,  bearing 
gold,  silver,  cinnabar,  lead,  tin,  copper,  or  other  valuable  deposits,  heretofore 
located,  shall  be  governed  as'  to  length  along  the  vein  or  lode  by  the  customs,  regu- 
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lations.  and  laws  in  force  at  tl\e  date  of  tlioir  location.  A  mining-claim  located 
»Aer  the  tenth  day  of  May,  1S72,  whether  located  by  one  or  more  persons,  may  equal, 
but  sliall  not  excee«l,  1500  feet  in  length  along  tlie  vein  or  lode;  bnt  no  location  of 
a  mining-t'laiin  shall  be  made  nntil  the  discovery  of  the  vein  or  lode  witiiin  the 
limits  of  the  claim  located.  No  claim  shall  extend  more  than  300  feet  on  eacli  side 
of  the  middle  of  the  vein  at  the  surface,  nor  shall  any  claim  be  limited  by  any 
mining  regulation  to  less  than  2'>  feet  on  each  side  of  the  middle  of  the  vein  at  the 
surface,  except  where  adverse  rights  existing  on  tlie  tentli  day  of  May,  1872,  render 
such  limitation  necessary.  The  end-lines  of  each  claim  sliall  be  parallel  to  each 
other." 

Section  12  of  the  act  of  1872  (.section  2329  of  the  Revisecl 
Statutes)  begins  a.s  follows  : 

'"Claims  usually  called  '  placei-s,'  including  all  forms  of  deposit,  excepting  veins 
of  quartz,  or  otlier  rock  in  place,  shall  be  subject  to  entry  and  patent,  tnuler  like  cir- 
cumstances and  conditions,  and  upon  similar  proceedings,  as  are  provided  for  vein 
or  lotle  claims." 

The  same  section  of  the  act  of  1872  (section  2330  of  tlie  Revised 
Statutes)  fixes  the  maxiniuni  size  of  a  placer-claim  at  160  acres  for 
anv  one  person  or  association,  and  .section  11  of  the  act  (section  2333 
of  the  Revised  Statutes)  provides  that: 

"Where  the  same  person,  association,  or  corporation  is  in  possession  of  a  placer- 
claim  and  also  a  vein  or  lode  included  within  tlie  boun<laries  thereof,  application 
sliali  be  made  for  a  patent  for  the  placer-clairu,  with  the  statement  that  it  includes 
such  vein  or  lode,  and  in  such  case  a  patent  shall  issue  for  the  placer-claim  .... 
including  such  vein  or  lode,  upon  the  payment  of  five  dollars  per  acre  for  such  vein 
or  lode-claims  and  25  feet  of  surface  on  each  side  thereof.  The  remainder  of  the 
placer-claim,  or  any  placer-claim  not  embracing  any  vein  or  lode-claiin,  shall  be 
paid  for  at  the  rate  of  two  dollars  and  fifty  cents  per  acre,  together  with  all  costs  of 
proceedings;  and  where  a  vein  or  lode,  such  as  is  described  in  section  2320,*  is 
known  to  exist  within  the  boundaries  of  a  placer-claim,  an  application  for  a  patent 
for  such  placer-claim,  which  does  not  include  an  application  for  the  vein  or  lode- 
claim,  shall  be  construed  as  a  conclusive  declar<>tion  that  the  claimant  of  the  placer- 
claim  has  no  right  of  pos,session  of  the  vein  or  lode-claim  ;  but  where  the  existence 
of  a  vein  or  lode  in  a  placer-claim  is  not  known,  a  7)atent  for  the  placer-claim  shall 
convey  all  valuable  mineral  and  other  deposits  within  the  boundaries  thereof." 

These  extracts  from  the  law  will  suffice  to  bring  before  us  the 
points  to  be  di.scus-sed  in  the  present  paper.  A  careful  examination 
of  them  will  show  the  following  facts: 

1.  Tiiere  is  no  difference  of  status  between  locators  and  patentees 
of  lodes  as  to  the  extent  of  their  rights  of  possession  and  enjoyment. 
Other  sections  than  those  quoted  above  show  the  difference  to  be  one 

*  That  is,  a  vein  or  lode  "of  quartz  or  other  rock  in  place,  bearing  gold,  silver, 
cinnabar,  lead,  tin,  copper,  or  other  valuable  deposits."  R.  AV.  R. 
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of  tenure  only — the  mere  possessory  owner  being  obliged  to  main- 
tain his  title  by  annual  work  and  by  obedience  to  local  regulation?, 
and  being  liable  to  attacks  upon  his  title  against  which  tiie  patentee 
is  expressly  protected,  after  the  period  of  his  public  advertisement 
has  passed,  and  his  patent  has  been  granted.  But  there  is  this  im- 
portant difference  between  a  locator  and  a  patentee  of  placer-claims, 
that  the  former  does  not  own  by  virtue  of  his  placer-cZaim  any  lodes 
that  may  be  discovered  within  it,  while  the  latter,  by  virtue  of  his 
placer  patent,  has  a  complete  title  to  all  lodes  within  the  placer- 
claim,  which  were  not  known  to  exist  there  when  the  patent  was 
granted,  or  probably,  even,  when  the  application  for  patent  was 
made.  But  this  right  does  not  extend,  as  it  might  do  under  a  lode- 
location  and  patent,  to  "  exterior  parts  "  of  such  lodes. 

2.  The  title  conferred  by  a  lode-patent  comprises  the  usual  com- 
mon-law right  to  the  surface  and  all  that  is  upon  it  or  beneath  it — 
with  one  addition  and  one  corresponding  reservation.  The  addi- 
tion is  the  right  to  follow  certain  veins  under  certain  conditions  and 
within  certain  limits,  into  adjoining  ground  ;  the  reservation  is  its 
counterpart,  namely,  the  liability  to  be  intruded  upon,  through  the 
exercise  of  the  same  right  by  the  adjoining  owner.  That  is  to  say, 
all  parts  of  lodes  within  the  claim  or  patent,  which  have  their  top 
or  apex  outside  of  it  belong  to  the  locators  whose  claims  include 
such  top  or  apex  ;  and  they  have  also  the  right  to  come  and  get  their 
property — without  which  right,  the  mere  ownership  of  it  would  be 
a  barren  pleasure.*  These  extra-lateral  mining  rights  are  often 
spoken  of  as  something  different  in  character  and  origin  from  the 
common-law  right.  But,  as  I  have  elsewhere  shown, f  this  is  not 
the  case. 

*  "The  property  in  minerals  is  n«t  necessarily  accompanied  by  the  right  to  work 
for  fliem."  Collier's  Treatise  on  the  Law  Relatinr/  to  Mines,  Am.  ed  ,  Philadelphia, 
1853,  section  3,  p.  14. 

t  In  Lalor's  Ci/rlopadia  of  Political  iS'cfVncc,  article  " Mines;"  also  in  letters  to 
the  Public  Land  Commission,  published  in  the  Fmcj.  and  Min.  Journal,  November 
22d  to  December  20th,  1879,  and  in  the  Report  of  the  Public  Lands  Commission  to 
the  Senate  and  House  of  Representatives  (Washinjjton  :  Government  Piinting 
Office,  1880)  from  which  I  quote  the  following  passages  (pp.  643  et  seq.) : 

"The  mineral  right,  however  [imder  the  common  law],  although  it  accompanies 
the  surface-ownership,  is  separable  by  tlie  act  of  the  owner.  A  farmer  in  New  Jer- 
sey may  lease  or  sell  the  right  to  mine  and  carry  away  all  the  iron  ore  in  liis  farm, 
with  the  privileges  of  entry  and  use  of  the  surface  necessary  to  mining  operations, 
retaining  his  title  in  all  other  respects  unimpaired  ;  or  he  may  thus  dispose  of  the 
right  to  a  single  bed  or  vein  of  ore,  retaining  all  others.  A  Airmer  in  Pennsylvania 
nuiy  in  like  maimer  lease  or  sell  all  his  coal-rights,  or  the  right  to  one  or  more  specified 
seams  of  coal,  reserving  to  himself,  undiminished,  whatever  is  not  thus  transferred. 


THE    LAW    OF    THE    APEX.  391 

We  have  simjily  to  deal  witli  the  taet  that  the  United  States,  as 
sole  owner  of  the  public  doiuain,  has  chosen  to  permit  its  occupation 
and  exploration,  and  to  sell  it  to  eiti/ens  on  certain  terms  and  con- 
ditions. However  whimsical  or  unprecedented  these  terms  may  be, 
or  wliatever  hardship  thev  may  involve  in  special  cases,  there  is  no 
appeal  from  them  to  any  supposed  "  principles  "  of  mining  law. 

3.  The  old  right  of  discovery,  which  was  the  basis  of  the  miners' 
title  down  to  1872,  has  dwindled  under  the  present  law  to  a  nominal 
imjwrtance.  It  is  true  that  a  ''discovery  of  the  lode"  within  the 
claim  is  made  a  pro-requisite  to  location.  But  the  right  to  follow 
the  lode  in  depth  beyond  the  side-lines  of  the  claim  depends  no 
longer  on  having  discovered  it,  but  on  having  included  its  top  or 
apex  within  the  surface-survey.  Even  to  that  portion  of  the  lode 
actually  discovered,  which  lies  within  the  surface-boundaries,  the 
right  of  the  hx'ator  is  not  secure,  unless  his  location  includes  the 
apex;  for,  if  he  have  it  not,  his  adjoining  neighbor  may  have  it,  in 
M-hich  case  the  neighbor  will  have  the  right  to  follow  the  lode  into 
the  land  adjoining.  And,  on  the  other  hand,  the  original  discovery 
may  turn  out  to  have  been  valueless;  nevertheless,  the  location 
based  on  such  a  poor  or  barren  seam  will  carry  with  it  the  right  to  all 
rich  veins,  which  may  have  a  top  or  apex  in  the  same  ground,  though 
the  actual  discovery  of  such  seams  be  made  elsewhere,  even  at  a 
prior  date.* 

A  party  owning  the  adjncent  farms  may  grant  tlie  mineral  right  to  a  given  deposit 
of  coal,  ore,  or  otlier  mineral  upon  one  of  tiiem,  witli  tlie  right  to  follow  and  mine 
in  the  other  that  deposit  only.  All  these  and  many  other  varieties  of  grants  actu- 
ally occur  in  our  Eastern  States: ;  and  the  rights  thus  conferred,  as  defined  by  the 
agreements  creating  them,  are  independent  of  surface-ownership,  although  in  their 
origin  they  rest  upon  the  principle  that  the  owner  of  the  surface  owns  also  the  min- 
erals beneatii  it. 

"The  Government  occupies  precisely  this  position  towards  the  public  domain. 
It  can  do  what  it  likes  with  its  own.  There  is  no  'miners'  right,'  created  by  the 
discovery  of  valuable  mineral  in  any  part  of  that  domain,  except  what  the  Govern- 
ment chooses  to  create  by  its  own  voluntary'  acts.  By  such  acts  it  is  bound,  as  an 
individual  would  be,  neitiier  more  nor  less.  It  is  as  free  as  any  individual  would 
be  to  dispose,  as  it  may  see  fit,  of  any  rights  not  already  conveyed  away  ;  to  change 
its  policy  at  any  time  ;  to  lease  or  sell  on  new  conditions,  or  to  decline  to  lease  or 
sell  at  all.  This  elementary  statement  seems  to  be  required  to  correct  a  popular 
impression  that  the  principles  of  the  law  of  mines  are  different  in  diflTerent  parts  of 
our  country,  and  that  there  is  some  mysterious  obstacle  in  this  diflPerence  to  the 
intrcKluction  of  a  uniform  system." 

*  I  am  aware  that  it  was  held,  in  the  United  States  Tirciiit Court  of  Colorado,  in 
VanzfiTult  v.  Argentine  Minirifj  Company  (Copp's  United  States  Mineral  Land.-i,  p. 
410  (,  that  a  location  along  the  line  of  the  top,  apex,  or  outcrop  of  the  vein,  cannot 
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4.  What  I  have  called  the  extra-lateral  mining  right  of  the  loca- 
tor is  granted  in  a  peculiar  form.  There  is  first  a  sweeping  grant 
of  "  the  exclusive  riglit  of  possession  and  enjoyment "  of  "  all  veins, 
lodes  and  ledges  throughout  their  entire  depth,  the  top  or  apex  of 
which  lies  inside  of  such  surface-lines  [the  surface-lines  of  his  loca- 
tion] extended  downward  vertically,  although  such  veins,  lodes  or 
ledges  may  so  far  depart  from  a  perpendicular  in  their  course  down- 
ward as  to  extend  outside  the  vertical  side  lines  of  such  surface- 
locations."  This  phraseology  has  the  merit  of  clearly  conveying 
the  meaning  intended,  though  descriptive  geometry  and  the  English 
language  suffer  somewhat  in  the  operation.  "Vertical  side-lines" 
of  surface-locations  and  horizontal  lines,  ''extended  downward  ver- 
tically," are  perhaps  fit  accompaniments  to  the  singular  "  top  or 
apex  "  of  the  plural  "veins,  lodes,  or  ledges."  But  the  goal  is 
reached,  though  the  vehicle  is  damaged.  In  these  particulars  every- 
body knows  what  the  law  means;  because  everybody  assumes  that 
it  means  something,  and  everybody  sees  that  it  cannot  mean  any- 
thing else.  This  sweeping  grant  is  followed  by  the  limitation  : 
"  But  their  right  of  possession  to  such  outside  parts  of  such  veins  or 
ledges  shall  be  confined  to  such  portions  thereof  as  lie  between  ver- 
tical planes  drawn  downward,  as  above  described,  through  the  end- 
lines  of  their  locations,  so  continued  in  their  own  direction  that  such 
planes  will  intersect  such  exterior  parts  of  such  veins  or  ledges." 
It  will  be  seen  that  nothing  limits  the  rights  of  the  locator,  outside 
of  his  location,  to  "  all  veins,"  etc.,  having  their  top  or  apex  in  or 
under  his  surface-claim,  except  the  vertical  planes  drawn  through 
his  surface  end-lines. 

5.  That  the  terms  "  vein,"  "  lode  "  and  "  ledge,"  are  synonymous 
in  the  statute  appears  from  the  manner  in  which  they  are  employed. 
Thus,  in  section  2322,  above  quoted,  we  have  the  phrases:  "vein, 
lode,  or  ledge;"  "veins,  lodes  and  ledges;"  "veins  or  ledges;" 
"  vein  or  lode  " — all  apparently  referring  to  the  same  thing.  It  is 
evident  that  the  omission  of  "  lode  "  in  one  place,  and  of"  ledge" 
in  another,  from  the  comprehensive  triple  phrase,  is  not  intended  to 

prevail  against  a  senior  location  on  the  dip.  But,  while  this  is  in  accordance  with 
the  spirit  of  the  old  miners'  customs,  and  grants  a  praiseworthy  recognition  to  the 
merits  of  the  prior  locator,  it  is  sqnarely  against  tiie  letter  of  the  statute,  which  can 
scarcely  be  evaded  in  such  a  way.  The  court,  in  the  above  case,  gave  no  reason 
for  its  ruling,  and,  indeed,  seemed  scarcely  to  be  conscious  of  its  revolutionary  char- 
acter. Tlie  law  is  plain  and  uncompromising.  Whoever  has  the  ajjcx  takes  the 
vein,  quoad  the  section  between  the  end-lines  of  liis  claim.  There  is  no  reserva- 
tion whatever  in  favor  of  prior  locators. 
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make  it  loss  comprehensive.  Xor  does  section  2329,  which  inchides 
under  "  phiccrs  "  "  all  forms  of  deposit,  excci)ting  veins  of  quartz  or 
other  rocU  in  j^lace,"  mean  tiiat  "lodes"  or  "ledges"  are  placers, 
whatever  it  may  mean  as  to  irregular  masses  or  impregnations.  I 
shouKl  not  docin  it  neocssarv  to  dwell  on  this  point,  hut  that  in  one 
ease,  at  least,  an  important  ruling  has  been  based  upon  the  supposed 
distinction  hotween  veins  and  lodes.* 

It  appears,  then,  that  the  miner's  rights  are  dependent  upon  the 
l(xle,  the  top  or  apex,  the  dowuwanl  course  of  the  lode,  and  the  end- 
lines  of  the  location.  Yet  the  statute  gives  no  light  upon  the  all- 
important  questions,  What  is  a  lode?  AVhat  is  the  toj)  or  apex  of 
a  lode?  How  is  the  downward  course  of  a  lode  to  be  determined  ? 
while,  as  to  the  direction  in  which  the  end-lines  are  to  be  drawn,  it 
prescribes  oidy  that  they  must  be  parallel. f 

The  typical  or  normal  case,  evidently  contemplated  by  the  stat- 
ute, is  that  of  a  well-defined  lode,  without  variation  in  dip  or  course, 
having  a  horizontal  outcrop,  and  a  location  in  the  form  of  a  rectan- 
gle, covering  this  outcrop  throughout  the  entire  length  of  the  loca- 
tion, and  terminating  in  end-lines  which  cross  the  course  of  the 
lode  at  right  angles.  All  other  ''veins,  lodes  or  ledges,"  having  a 
top  or  apex  in  the  same  ground,  are  conceived  to  be  parallel  in 
course  and  dip  with  the  lode  first  discovered,  which  is  the  founda- 
tion of  the  location.  If  all  mining  properties  presented  this  beauti- 
ful simplicity  of  structure,  and  all  mining  locators  exhibited  a  cor- 
responding simplicity  of  purpose,  the  application  of  the  law  would 
be  easy.  But  the  naivete  of  the  statute  fares  badly  between  the 
freaks  of  nature  and  the  tricks  of  man.  The  decisions  of  the  courts 
have  done  something  to  clarify,  and  not  a  little  to  complicate,  the  situ- 
ation. On  the  whole,  they  have,  perhaps,  improved  it;  and  by  the 
time  the  various  questions  involved  shall  have  been  finally  passed 
upon  by  the  Supreme  Court,  we  shall  have  found  out  whether  the 
statute  can  be  fairly  applied  in  practice,  or  not.  My  own  impres- 
sion is  that  to  construe  the  law  is  not  difficult;  but  that  its  strict 
construction  may  make  it  odious.      So  long  as  local  tribunals  try  to 


*  In  the  case  of  the  Cohrwlo  Central  [G.  W.  Hall  et  al.)  v.  Equator  Mining  and 
Smelting  Company  (Georgetown,  Colorado),  tried  first  before  Judge  Hiillett,  Febru- 
ary 3d,  1879.  At  the  second  trial,  in  July,  1879,  Judge  Miller  took  a  different 
view.    This  case  will  be  more  fully  discussed  further  on. 

t  Even  this  provision  "is  merely  directory,  and  no  consequence  is  attached  to  a 
deviation  from  its  direction." — Eareka  Cms.  M.  Co.  v.  Richmond  Cons.  il/.  Co.  Field, 
iSawyer  and  Hillyer,  JJ.,  4  Sawyer,  311. 
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accommodate  it  to  local  needs  or  prejudices,  it  will  remain  vague — 
and  popular  with  the  litigating  classes  which  form  so  large  a  part 
of  the  mining  communities.  If  its  enforcement  brought  hardship 
to  them,  we  might  hope  for  their  assent  (hitherto  withheld)  to  its 
salutary  amendment. 

.  I  propose  to  consider,  in  their  order,  the  inherent  difficulties  of 
applying  the  law,  connected  with  the  lode,  the  top  or  apex,  the 
course  downward  and  the  end-lines. 

I.  The  Lode. 

As  already  observed,  the  terms,  ^'  vein,"  "  lode,"  and  "  ledge," 
employed  in  the  statute,  are  intended  to  be  synonymous.  I  shall, 
therefore,  use  the  word  "lode,"  instead  of  either  of  the  others,  or  all 
three  together.  Of  course,  the  question.  What  is  a  lode?  arose  early 
in  litigations  under  the  law.  It  had  less  importance  under  the  old 
miners'  customs,  though  even  then  it  occasionally  became  the  ques- 
tion upon  which  the  possessory  title  to  property  depended.  I  think 
it  fair  to  say,  however,  that,  prior  to  18G6,  courts,  juries  and  parties 
assumed  that  any  ore-bearing  zone  of  rock  in  place  was  a  lode.*  The 
contest  was  usually  between  two  claimants,  one  of  whom  maintained 
that  the  other  was  working  on  his  lode,  which  the  other  denied  the 
identity  of  the  deposit  as  disclosed  in  the  two  sets  of  workings.  The 
conclusive  proof  of  identity  was  the  continuous  occurrence  of  ore, 
connecting  tiie  two.  Against  such  proof,  if  unimpeached,  resistance 
was  impossible.  In  the  absence  of  such  proof,  it  was  not  easy  to 
get  identity  admitted  on  mere  geological   or  mathematical  grounds. 

*  It  was  not  even  necessary  that  the  rock  claimed  should  be  in  place.  Thus,  in 
Brown  V.  Quartz  Mining  Co.  (15  Cal.,  152),  it  was  held  tliat  wliere  quartz  rock  was 
broken  and  parted  from  the  original  vein,  but  it  was  found  by  the  jury  as  a  fact 
that  it  was  a  portion  of  the  same  quartz  lode  or  claim,  it  was  immaterial  whether  it 
was  upon  the  surface  or  beneath  it,  or  in  what  condition  the  quartz  was;  the  first 
locator  of  the  lode  was  entitled  to  it.  He  is  not  confined  simply  to  the  solid  quartz 
actually  embodied  in  the  bed-rock,  but  is  entitled  to  the  loose  quartz  rock  and  de- 
composed material,  which  were  once  a  part  of  the  lode  and  are  now  detached,  so 
fur  as  the  general  formation  of  the  ledge  can  be  traced.  The  right  of  the  quartz- 
miner  comes  from  his  appropriation,  and  whenever  his  claim  is  defined,  tliere  is  no 
reason  in  the  nature  of  tilings  why  the  aj^propriation  may  not  as  well  take  elTect 
upon  quartz  in  a  decomj)osed  state  as  any  other  sort,  or  why  the  condition  to  which 
natural  causes  may  have  reduced  the  rock  should  give  character  to  tlie  title  of  the 
locator.  Such  quartz  rock,  tlierefore,  would  be  included  under  the  genei'al  term  of 
a  "  (juartz  ledge."  I  quote  the  foregoing  from  the  digest  of  this  decision  given  by 
EJanchard  and  Weeks  [The  Law  of  Mines,  Minerals,  and  Mining  Water  Rights,  San 
Francisco,  1877,  p.  21). 
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Under  the  law  of  1866,  however,  and  still  more  under  the  law  of 
1872 — the  one  now  in  force — the  nature  of  the  deposit,  as  a  lode  or 
not  a  loile,  became  matter  for  keen  dispute;  since,  if  it  were  not  a 
lode,  even  continuity  of  ore  would  not  justify  the  locator  in  follow- 
ins:  it  bevond  his  location,  while,  if  it  were  a  lode,  the  local  absence 
of  ore  in  places  would  not  destroy  that  ri>rht. 

Tlie  view  held  by  the  General  Land  Office  at  Washington  on  this 
subject,  has  been  liberal  from  the  beginning.  Passing  over  some  of 
the  earlier  rulings,  made  by  Commissioner  Joseph  S.  Wilson,  whose 
experience  in  agricultural  land-law  was  wide,  but  whose  notions  on 
the  subject  of  mining  were  somewhat  hazy,  I  quote  the  following 
clear  and  sensible  decisions  of  Commissioner  Willis  Drummond, 
which  are  remarkable  as  stating  in  advance  the  ground  to  which 
the  courts  subsequently  came.* 

Depaktmext  of  the  Ixterior,  General  Land  Office, 
Washington,  D.C,  July  20th,  1871. 
Hon.  Thomas  Boles,  Dardanelles,  Arkansas. 

Sir;  In  reply  to  your  inquiry  of  the  11th  instant,  I  have  to  Rtate  that  the  term, 
"  roc-k  in  place,"  as  u^^ed  in  the  mining  acts  of  Congress,  has  always  received  the 
most  liheral  con-^trnction  that  the  language  will  admit  of,  and  every  class  of  claims, 
that,  either  according  to  scientific  accuracy  or  popidar  usage,  can  be  classed  and 
applied  for  as  a  "vein  or  lode,"  may  be  patented  under  this  law. 

The  plain  object  of  the  law  is  to  dispose  of  the  mineral  lands  of  the  United  States 
for  n»oney-value,  and  it  is  a  matter  of  indifFeience  to  tiie  government,  whether  the 
metal  occurs  in  the  form  of  a  true  or  false  vein. 

It  may  be  observed,  as  an  important  point,  that  no  proof  is  required  to  establish 
the  vein-formation  of  the  deposit.  The  law  requires  the  Surveyor-General  to  cer- 
tify "  to  the  character  of  the  vein  exposed ; "  but  this  is  understood  to  mean  that  the 
certificate  should  show  whether  the  vein  exposed  contains  gold,  silver,  cinnabar,  or 
copper. 

Very  respectfully, 
Willis  Drummond,  Commissioner. 

It  will  be  remembered  that  this  refers  to  the  lavv  of  1866. 

*  In  the  famous  Eureka  case  (4  Sawyer.  311),  these  decisions  of  the  Land  Office 
were,  if  I  remember  correctly,  not  quoted  either  by  the  counsel  or  the  court.  Although 
"  Department  law  "  is  not  binding  upon  courts,  yet  it  seems  to  me  that  these  de- 
cisions not  only  carry  the  force  of  their  own  reasoning,  but  are  direc^tly  in  point  as 
the  acts  of  the  authorized  representative  of  the  government,  fixing  the  sense  in 
which  it,  as  one  party  to  the  sale  of  mineral  property,  construed  the  terms  describ- 
ing the  property.  That  is  to  say.  the  government,  through  its  executive  agent,  de- 
clares to  the  miner,  with  regard  to  a  certain  deposit,"  I  sell  you  this  thing  as  a 
lode.  You  will  not  be  allowed  to  apply  for  it  as  anything  else."  After  that,  does 
not  the  purchaser  acquire  with  the  deposit  all  the  rights  and  privileges  attached  by 
the  government  to  a  lode?  This  consideration,  however,  was  not  required  to 
bring  the  court,  in  the  Eureka  case,  to  a  correct  decision. 
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"Department  'of  the  Interior,  General  Land  Office, 

"Washington,  J).  C,  Ft-bruary  12th,  1872. 
"Thomas  K.  Stoddard,  Esq.,  Sonora,  California. 

"Sir:  ....  If  it  was  intended  to  ask  if  the  auriferons  cement-claims,  found  in 
wliat  are  sometimes  called  ancient  river-beds,  and  nsnally  worked  by  the  hydraulic 
process,  proi)erly  come  within  the  signification  of  the  term  '  rock  in  place,'  as  used 
in  the  second  section  of  the  mining  statute  of  July  2Gth,  1866,  then  the  answer  must 
undoubtedly  be  in  the  negative;  several  claims  of  that  character  having  already 
been  patented  under  the  placer  mining  law  of  July  9th,  1870,  they  fully  coming 

under  the  meaning  of  the  terra  'placer'  as  defined  in  said  act 

"  Very  respectfully,  Willis  Drummond, 

"  Commissioner." 

The  placer  mining  law  here  referred  to,  is  now  substantially  con- 
tained in  sections  2329,  2330,  2332,  2335,  2340,  and  2344  of  the 
Kevised  Statutes.  In  1868,  there  being  no  U.  S.  statute  covering 
this  class  of  mines,  Mr.  Wilson,  then  Commissioner  of  the  General 
Land  Office,  made  a  startling  decision,  including  placer,  gravel  and 
cement  mines  under  the  act  of  18('6.  So  far  as  I  know,  there  was 
no  patent  issued  in  accordance  with  this  ruling;  and  Mr.  Wilson's 
successor  appears  to  have  ignored  it.  The  passage  of  the  placer- 
mining  law  removed  all  temptation  to  claim  such  deposits  as  lodes, 
the  patentable  placer  claim  being  both  larger  and  cheaper  per  acre 
than  the  lode-claim.* 

The  following  is  taken  from  a  general  circular  of  instructions, 
issued  to  Surveyors-General,  and  Registers,  and  Receivers: 


*  In  the  report  of  18G9  (for  the  year  1868)  of  the  U.  S.  Commissioner  of  Mining 
Statistics,  the  following  language  is  used  (p.  218,  footnote)  concerning  the  strange 
ruling  of  Commissioner  Wilson  : 

"A  recent  decision  of  the  Commissioner  of  the  General  Land  Office  includes 
placer,  gravel  and  cement  mines  under  the  operation  of  section  2.  The  words  of 
tlie  Chairman  of  the  Committee  on  Mines  and  Mining,  in  reporting  the  bill  to  the 
Senate,  May  28th,  18C6,  were:  ' Bi/  this  bill  it  is  only  proposed  to  dispose  of  the  vein- 
mines It  is  not  proposed  to  interfere  with,  or  lay  any  tax  upon,  the  miners 

engaged  in  working  the  'placer-mines'  The  words  of  the  law  are,  '  vein  or  lode  of 
quartz  or  other  rock  in  place,  bearing  gold,  silver,  cinnabar  or  copper.'  There  is 
no  possible  construction  of  these  words  which  will  include  placer  mines,  or  alluvial 
deposits  or  beds.  The  Commissioner  argues  that  there  are  different  kinds  of  veins, 
and  that  it  is  difficult  to  decide  how  a  vein  was  formed — all  of  which  does  not  touch 
the  case.  Amid  all  the  discussions  of  geologists  about  vein-formation,  the  distinc- 
tion between  all  veins  and  alluvial  deposits  has  never  been  disturbed.  It  is  found 
in  the  earliest  laws,  and  is  perfectly  comprehended  by  the  ordinary  miner.  The 
United  States  law  of  1866  cannot  be  applied  to  mines  of  the  latter  class;  it  was  an 
experiment,  applied  only  to  '  cpiartz-mining ;'  and  the  attemi)t  of  the  land  office  to 
exteml  it  over  placers,  before  a  single  quartz-mine  has  received  a  patent  under  it, 
only  tends  to  bring  the  wliole  law  into  contempt. 
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"DETARTMENT  of  the  InTEUIOR,  CiENERAl,  LAND  OFFICE, 

••\Vasiu.n\;tun,  n.  C,  July  15th,  1873." 

"Genti^mex:  ....  It  will  be  observed  that  the  mineral-producing  lands  are 
divided  into  two  classes:  tiie  one  class  embraces  lands  where  tlie  mineral  matter  is 
within  '  nvk  in  place.'  or.  geologically  speaking,  in  situ;  and  the  second  includes 
placers  and  all  lorms  of  deposits,  excepting  those  in  'rock  in  place.'  In  this  con- 
nection, I  deem  it  a  matter  of  importance  to  give  the  construction  this  ofHce. places 
upon  tl»e  expression,  '  vein  or  lode  of  quartz  or  other  rock  in  place,'  to  prevent  mis- 
takes in  locating  tlie  two  classes  of  mines  referred  tv,  tliercb.v  saving  to  claimants 
considerable  expense  and  delay. 

"  In  geology,  and  among  miners,  veins  or  lodes  imply  generally  an  aggregation  of 
mineral  matter  fouml  in  the  fissures  of  the  rocks  which  inclose  it,  but  are  of  great 
variety,  veins  diftering  very  much  in  this  formation  and  appearance.  'Lode'  is  a 
term  in  general  use  among  the  tin-minei-s  of  Cornwall,  and  was  introduced  on  the 
Pacific  co.ist  by  emigrants  from  the  Cornish  mines,  and  signifies  a  tissure  filled  either 
by  metallic  or  eartiiy  matter.  In  several  of  tiie  mining  districts,  tlie  terms  '  lead '  and 
'leilge'  are  employed  in  the  local  regulations  concerning  mines.  'Lead'  is  used  to 
convey  the  same  idea  as  'lode,'  while  'ledge'  would  seem  to  indicate  a  layer  or 
stratum  of  mineral  interposed  between  a  course  or  ridge  of  rocks. 

"Veins  m.\v  be  either  sedimentary,  plutonic,  or  segregated,  or  of  infiltration  or 
attrition,  depending  upon  the  peculiar  formation,  or  the  mode  of  occurrence  of  the 
mineral  deposit.  There  is  also  another  form  of  deposit  different  from  either  of 
Uiose  mentioned  above,  called  '  contact-deposit.' 

'*  European  miners  mention  still  others,  called  in  England  '  floors,'  in  Germany 
'  Stochcerkf,'  and  a  form  of  deposit  known  as  '  Fahlband.'  These  latter  are,  more 
properly  speaking,  ore-bearing  belts,  irregular  in  their  dimensions,  but  presenting  a 
certain  degree  of  parallelism  with  each  other.  Similar  in  some  respects  to  the 
Fahlhands,  are  the  metalliferous  zones,  or  'amygdaloidal  bands,'  which  are  said 
to  exist  on  Moimt  Lincoln  and  Blount  Bross,  Colorado. 

"However,  if  the  question  were  raised,  neither  of  the  forms  of  deposit  known  as 
contact-deposit,  Fahlbands,  or  segregated  veins,  could  be  accepted  as  true  metalli- 
ferous veins;  nor  could  it  frequently  be  made  to  appear,  without  expensive  excava- 
tion, whether  the  metal  in  the  mine  for  which  a  patent  is  sought  occurs  in  the  form 
of  a  true  vein  or  not. 

"  But  there  is  no  reason  for  supposing  that  the  terms  were  employed  in  their 
strict  geological  signification.  The  plain  object  of  the  law  is  to  dispose  of  tlie 
mineral  lands  of  the  United  States  for  money-value;  and  whatever  form  of  deposit 
can  be'embraced  in  the  general  phrase,  'vein  or  lode  of  quartz  or  otiier  rock  in 
place,'  must  be  sold  at  the  rate  of  five  dollars  per  acre. 

"It  is  evidently  tiie  policy  of  the  government  to  include  as  much  land  as  possll)le 
nnder  this  designation,  for  the  rea.son  that,  as  the  most  valuable  metals  and  minerals 
occur  in  the  several  vein-formations,  it  is  desirable  that  the  lands  wherein  they  are 
discovered  should  be  .sold  in  limited  quantities,  thereby  preventing  the  few  from 
monopolizing  large  tracts,  which  ought  to  remain  open  to  all  for  exploration  and 
development;  and  for  the  further  reason  that  the  government  derives  a  larger 
revenue  from  the  sale  of  lands  of  this  description. 

"In  fine,  I  include  in  the  first  class  all  lands  wherein  the  mineral  matter  is  con- 
tained in  veins  or  le^lges,  occupying  the  original  habitat  or  location  of  the  metal  or 
mineral ;  whether  in  true  or  false  veins,  in  zones,  in  pockets,  or  in  the  several  other 
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forms  in  whicli  minerals  are  found  in  the  original  i-ock,  wliether  the  gangiie  or 

matrix  is  disintegrated  at  the  surface  or  not 

"Very  respectfully,  your  obedient  servant, 

"  Willis  Drummond, 

"  Commissioner." 

The  Commissioner's  geology  is  an  amusing  illustration  of  the  dan- 
ger of  indiscriminate  cramming  on  such  a  subject.  But  his  com- 
mon-sense is  all  the  more  conspicuous  on  that  account.  The  courts 
were  not  at  first  equally  liberal  in  fixing  the  scope  of  the  term  "  lode," 
-which,  since  1866,  has  assumed  a  vital  importance.  They  attempted 
to  hold  fast  to  the  technical  definition  of  a  fissure-vein.  Thus,  in 
Foote  V.  National  Mhimg  Company  (2  Montana,  402),  it  was  de- 
clared that  a  quartz  lode  "is  a  fissure  or  seam  in  the  country-rock 
filled  with  quartz  matter  bearing  gold  or  silver."  In  North  Noon- 
day 3Iining  Company  v.  Orient  Mining  Company  (1  Federal  Re- 
porter, 522),  the  vein  or  lode  authorized  to  be  located  is  defined  as  a 
seam  or  fissure  in  the  earth's  crust,  filled  with  quartz  or  some  other 
kind  of  rock  in  place,  carrying  gold,  silver,  or  other  valuable  mine- 
ral deposits  named  in  the  statute.  "It  may  be  very  thin  or  many 
feet  thick,  or  irregular  in  thickness,  and  it  may  be  rich  or  poor,  pro- 
vided it  contains  a  trace  of  any  of  the  metals  named  in  the  statute." 
I  quote  from  the  digest  in  Copp's  U-  8.  Mineral  Lands  (edition  of 
1881),  p.  423.  The  proviso  is  scarcely  intelligible,  considering  that 
the  statute  comprehensively  includes  all  valuable  mineral  (not  merely 
metallic)  deposits. 

The  case  of  EureJca  Consolidated  3Iinivg  Company  v.  Richmond 
Milling  Company,  already  cited,  settled  the  point  that  a  lode  under 
the  statute  need  not  be  a  fissure-lode.  "  We  are  of  opinion,"  says 
the  court  in  that  case,  "that  the  term,  as  used  in  tiie  acts  of  Con- 
gress, is  applicable  to  any  zone  or  belt  of  mineralized  rock  lying  be- 
tween boundaries  clearly  separating  it  from  the  neighboring  rock." 
Great  apprehension  was  expressed  by  some  experts,*  at  the  time  of 
this  decision,  that  the  principle  laid  down  in  it  would  prove  revolu- 
tionary in  its  a})plication,  classing  whole  geological  formations  or 
mountain  ranges  as  lodes.  But,  as  the  writer  then  pointed  out,  the 
decision  sin)ply  emancipated  judges  and  juries  from  the  tyranny  of 
technical  definitions.  They  were  more  free  than  before  to  decide  on 
grounds  of  equity  and  common  sense  whether  a  given  zone  of  rock 
claimed  as  a  lode  should  be  practically  so  considered.    It  was  not  long 

*  See  Transactions,  vi,  560. 
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before  the  justice  of  this  reply  bocnme  manifest.  In  Jfount  Diablo 
Miniiuj  ConijHDii/y.  Callison  (5  Sawvor,  439),  tried,  I  believe,  in  1S78, 
the  year  at'ter  the  Eureka  decision,  Judge  Sawyer,  one  of  the  three 
judi^es  who  had  rendered  that  decision,  limited  its  ajiplication  by 
declariiiii-  that  while  metalliferous  rock  in  place,  not  in  a  (issure,  may 
be  found  under  such  conditions  within  clearly  defined  boundaries  as 
to  require  recognition  as  a  vein  or  lode,  a  broad  metalliferous  zone, 
having  within  its  limits  true  fissure  veins,  plainly  bounded,  cannot 
be  regarded  as  a  single  vein  or  lode,  although  such  zone  may  itself 
have  boundaries  which  can  be  traced.  AVhether  this  declaration 
would  have  been  made  in  the  special  case  of  the  INIount  Diablo,  if 
the  light  of  subsequent  developments  had  been  thrown  upon  that 
case,  I  do  not  purpose  to  discuss.  The  principle  declared  is  clearly 
equitable.  A  belt  of  country-rock,  containing  independent  fissure- 
veins,  is  not  a  lode. 

In  a  more  recent  case,  Holmes  Mining  Company  v.  Northern  Belle 
Mining  Company,  tried  in  1883  before  the  same  judge,  the  theory  of 
the  plaintiff  was  that  a  certain  belt  (apparently  the  continuation  of 
the  Mount  Diablo  belt)  was  a ''compound  fissure-vein,"  according 
to  the  definition  of  Professor  Cotta,  given,  not  in  his  text-book,  D/e 
ErzlagerstdUenlehre,  but  in  an  article  contributed  to  the  Berg-und 
HuUcnmdnnische  Zeitung  (1864,  p,  395),  on  "The  So-called  Vein- 
clay -slate  of  Clausthal."  This  proposed  distinction  between  simple 
and  compound  fissure-veins  is  adopted  and  credited  to  Cotta  by 
Director  Groddeck,  in  his  treatise  on  Mineral  Deposits  (Die  Lchre 
von  den  Lagerstdtten  der  Erze.  Leipzig,  1879,  p.  34).  I  quote 
his  definition  : 

"  Compound  fissure-veins  {die  zusammengesetzfen  Giinfje)  consist  predominantly  of 
rock — the  so-called  vein-rock  (Ganggeslein).  Tliis  is  eitlier  unaltered  coiintry-rock, 
or  it  has  been  derived  therefrom  by  chemical  and  mechanical  metamorphosis.  In 
the  vein-rock  occur  irregularly  distributed  veinlets  ( Triimmer),  or  regularly  coursing 
simple  fissure-veins  (einfachc  Gdnge)  filled  with  minerals." 

The  above-mentioned  case  was  given  by  the  jury  to  the  plaintiff; 
but  I  am  unable  to  .say,  not  having  seen  the  charge  of  the  judge,  what 
view  was  taken  by  the  court  as  to  the  legal  location  of  a  "  compound 
lode."  From  the  testimony  in  the  case,  however,  I  am  forced  to  infer 
that  this  class  of  lodes  was  recognized,  and  it  was  left  to  the  jury  to 
decide  whether  the  mine  in  suit  belonged  to  it. 

The  principle  that  a  legal  lode  need  not  be  a  fissure-vein  having 
been  generally  accepted,  a  new  difficulty  was  raised  concerning  the 
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term  "  in  place."  This  has  been  chiefly  confined  to  cases  arising  in 
the  Leadville  district,  where  most  of  the  silver-lead  deposits  claimed 
under  lode-locations  lie  at  or  near  the  contact  between  limestone 
and  overlying  porphyry,  and  have  a  comparatively  small  dip — say 
15  degrees  from  the  horizontal  plane.  This  dip  renders  it  an  easy 
and  comparatively  inexpensive  matter  to  reach  the  "contact"  with 
a  vertical  shaft,  at  a  considerable  distance  from  its  outcrop;  and  the 
whole  region  was  covered  at  an  early  day  with  claims,  in  most  of 
which  there  was  no  visible  outcrop.  But  the  proprietors  went  vig- 
orously down  with  exploring  shafts,  and  in  many  cases  reached  the 
contact-zone  or  vein,  the  outcrop  of  which  was  already  located  by 
others.  Litigation  naturally  followed;  and  a  series  of  interesting 
and  bitterly  contested  cases,  running  through  the  last  five  years,  was 
the  result.  In  most  of  these  cases  the  Iron  Silver  Mining  Com- 
pany has  been  a  party.  That  company  was  formed  by  Mr.  William 
Stevens,  a  pioneer  who,  for  many  years  after  the  decay  of  the  early 
gold-washing  operations  in  California  Gulch,  near  Leadville,  had 
remained  in  the  locality,  maintaining  faith  in  its  future,  and  locating 
and  perfecting  numerous  claims.  With  much  labor  and  patience, 
Mr.  Stevens  traced  the  outcrop  of  the  "contact "  along  the  sides  of 
California  Gulch,  and  located  lode-claims  upon  it,  until  he  had  in 
all  a  mile  and  a  half  of  continuous  claims  of  this  character,  which 
were  transferred,  together  with  other  property  (placer-claims,  water- 
rights,  etc.),  to  the  Iron  Silver  Mining  Comjmny.  When  the  rush 
of  prospectors  came,  they  swarmed  over  the  hills,  and  many  of  them 
located  "on  the  back"  of  the  Stevens  claims,  and,  profiting  by  the 
explorations  which  had  discovered  the  position  of  the  ore-bearing 
zone,  proceeded  to  "go  for  it"  with  vertical  shafts.  Confining  our 
attention  for  the  moment  to  the  Iron  hill,  we  may  say  that  from  the 
Stevens's  outcrops  for  a  long  distance  eastward,  there  was  practically 
but  one  legal  vein  known  to  exist.  This  of  itself  would  not  con- 
stitute a  strongly  exceptional  case.  The  same  is  true,  for  instance, 
as  the  courts  have  decided,  at  the  Comstock  and  at  Eureka.  But  in 
those  cases,  the  deposit  stands  so  steeply  that,  although  much  litiga- 
tion has  been  necessary  to  establish  its  unity,  the  point  once  estab- 
lished has  not  again  been  disputed,  because  it  would  be  too  costly 
an  undertaking  to  pierce  the  vein  by  deep  vertical  shafts  far  off  in 
the  hanging-wall,  merely  as  a  preliminary  to  a  fight.  Moreover, 
the  cost  in  time,  perhaps,  even  more  than  in  money,  was  prohibitory. 
The  occupant  of  a  steeply-dipping  lode,  working  down  upon  it  by 
incline,  in  ore,  could  reach  a  given  point  either  before  his  rival  could 
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arrive  nt  it  with  a  vortical  shaft  througli  barren  roo1<s,  or  else  so 
st»on  atter  as  to  leave  no  time  for  that  most  convenient  operation, 
the  extraction  of  ore  from  the  dispnted  ground — an  operation  which 
is  usually  relied  upon  to  furnish  the  sinews  of  war.  At  Leadville, 
on  the  other  hand,  the  deposit  was  so  nearly  horizontal,  that  shafts 
through  crackctl  and  soft  rock  might  reach  points  iar  in  advance  of 
the  inclines  friMU  the  outcrop,  months  before  the  latter.  The  thou- 
sands of  jiros|)ectors  who  had  not  been  pioneers  and  had  not  made 
oriixinal  discoveries,  yet  would  not  submit  to  an  ai)plicati()n  of  the 
law  which  would  exclude  them  fiom  a  share  in  the  ownership  of  the 
good  things  developed  by  earlier  locators,  created  an  irresistible 
popular  feeling  against  the  right  given  by  the  law  to  lode-claimants, 
of  following  the  lode  beyond  their  side-lines.  Moreover,  many, 
even  of  the  earliest  locations,  had  no  visible  outcrops;  and  their 
owners  could  not  foresee  what  might  be  the  consequences  to  them 
of  the  general  exercise  of  this  right.  They  might,  perhaps,  follow 
their  deposit  into  a  neighbor's  land,  provided  it  was  a  lode,  and 
they  had  the  apex ;  but  if  somebody  else  should  prove  that  he  held 
the  apex,  they  might  lose  all.  Hence  they  bowed  to  the  popular 
feeling,  and  either  tacitly  or  by  formal  agreement  with  adjoining 
owners,  established  vertical  boundaries,  drawn  through  the  side- 
lines of  their  locations.  But  the  Iron  Silver  INIining  Company, 
having  for  a  long  distance,  at  least,  a  clear  outcrop,  and  a  well- 
defined  vein,  and  laying  claim  to  a  magnificent  ])roperty,  decided 
to  fight  for  its  rights — and  hence  "  the  Iron  Mine  cases."  Since, 
under  the  laws  of  Colorado,  the  title  to  real  estate  cannot  be  deter- 
mined by  a  single  trial,  if  the  beaten  party  demands  another,  the 
trials  have  been  more  numerous  than  the  disputes.  In  the  course 
of  them,  all  possible  defences  have  been  set  up  against  the  claims 
of  the  company.  In  one  case,  it  would  be  argued  that  the  deposit 
was  not  a  lode;  in  another  (or  in  the  second  trial  of  the  same),  that 
although  a  lode  where  the  plaintiff  worked  it,  it  was  barren  for 
some  distance  between  plaintiff's  and  defendant's  workings,  and 
thus  lost  its  identity ;  or  it  was  cut  off  by  a  dyke,  and  lost  its  iden- 
tity in  that  way  ;  or  being  so  flat,  it  was  a  kind  of  vein  not  con- 
templated by  the  law — a  brand  new  kind,  in  fact  (not  departing 
from  the  perpendicular,  but  departing  from  the  horizontal);  or  the 
plaintiff  had  no  apex,  and,  therefore,  no  right  to  follow  beyond  its 
side-lines;  or  the  plaintiff's  end-lines  w^ere  not  properly  drawn; 
and  so  on.  We  are  concerned  at  this  time  with  the  first  class  of 
VOL.  XII. — 2G 
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defences  only — those  which  denied  the  character  of  the  deposit  as  a 
lode. 

In  1879,  one  of  these  cases,  the  Iron  v.  Grandvlew  [Stevens  and 
Letter  v.  Williams),  came  to  trial  at  Denver  before  Judge  Hallett 
and  a  jury.  Frotu  the  charge  to  the  jury  (reported  in  the  Denver 
Weekly  Times,  February  lyth,  1879,  and  in  Carpenter's  3Iining 
Code,  third  edition,  Denver,  1880,  p.  67)  I  make  the  following 
extracts  : 

"  The  language  of  the  act  is,  mining  claims  upon  veins  or  lodes  of  quartz  or  other 
rock  in  place,  bearing  gold,  silver,  cinnabar,  lead,  tin,  copper,  or  other  valuable  de- 
posits  And,  as  to  the  meaning  of  these  words,  in  place,  they  seem  to  indi- 
cate the  body  of  the  country  which  has  not  been  affected  by  the  action  of  the 
elements ;  which  may  remain  in  its  original  state  and  condition  as  distinguished 

from  the  superficial  mass  which  may  lie  above  it And  when  this  act  speaks 

of  veins  or  lodes  in  place,  it  means  such  as  lie  in  a  fixed  position  in  the  general 
mass  of  country  rock,  or  in  the  general  mass  of  the  mountain Now,  when- 
ever we  find  a  vein  or  lode  in  this  general  mass  of  country  rock,  we  may  be  per- 
mitted to  say  that  it  is  in  place,  as  distinguished  from  the  superficial  deposit,  and 
that  is  true,  whatever  the  character  of  the  deposit  may  be ;  that  is  to  say,  as  to 
whether  it  belongs  to  one  class  of  veins  or  another ;. it  is  in  place  if  it  is  held  in  the 
embrace,  is  inclosed  by  the  general  mass  of  the  country.  And  as  to  the  word  vein 
or  lode,  it  seems  to  me  that  these  words  may  embrace  any  description  of  deposit 
which  is  so  situated  in  the  general  mass  of  the  country,  wliether  it  is  described  in 
one  way  or  another ;  that  is  to  say,  whether  in  the  language  of  the  geologist,  we 
say  that  it  is  a  bed,  or  a  segreg.ated  vein,  or  gash  vein,  or  true  fissure  vein,  or  merely 
a  deposit ;  it  matters  not  what  the  particular  description  of  it  may  be,  in  respect  to 
these  distinctions,  which  are  observed  by  geologists  in  defining  the  different  classes 
of  deposits  that  lie  in  the  embrace,  or  are  inclosed  by  the  general  mass  of  the  moun- 
tain. In  all  cases  I  suppose  that  they  are  lodes  if  not  veins.  It  may  be  true  that 
many  of  these  deposits  will  not  come  under  the  description  of  veins  as  known  to 
geologists,  but  if  they  are  not  so  described — if  they  cannot  be  so  correctly  described 
— they  are,  at  least,  lodes,  and  are  recognized  as  such  by  miners  in  their  search  for 
them.  In  other  words,  whenever  a  miner  finds  a  valuable  mineral  deposit  in  the 
body  of  the  earth,  as  I  have  described  it,  he  calls  that  a  lode,  whatever  its  form  may 
be,  and  however  it  may  be  situated,  and  whatever  its  extent  in  the  body  of  the 
earth.  The  books  make  some  distinctions  between  beds  and  lodes,  and  they  make 
distinctions  in  the  different  classes  of  veins  as  you  have  heard  from  counsel,  but 
these  distinctions  are  not  important  in  relation  to  this  matter  of  the  discovery  and 
taking  of  these  mineral  deposits.  It  has  been  decided  that  Congress,  in  passing 
this  act,  intended  by  this  description  to  einbrace  and  include  all  forms  of  deposit 
which  are  located  in  the  general  mass  of  the  mountain,  by  whatever  name  they  may 
be  known,  and  the  distinctions  which  are  adopted  by  geologists  in  respect  to  the 
different  kinds  of  veins,  are  not  important  except  for  one  question  and  for  one  pur- 
pose, which  I  may  invite  your  attention  to  further  on.  So  that  we  may  say,  gentle- 
men, with  respect  to  the  case  which  is  now  before  you,  that,  whether  this  may  be 
called  a  true  vein  or  a  contact  vein,  or  a  bed  ;  whether  it  lies  with  the  stratification 
or  transvei'sely  to  it,  the  matter  is  of  no  importance  for  the  purpose  of  determining 
this  question ;  it  is  in  any  event  a  lode  if  it  lies  in  place  within  the  meaning  of  this 
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act.  And  it  is  in  piace  if  it  is  inoloseil  and  embnioe<l  in  the  general  mass  of  the 
mountain,  and  fixe<l  and  immovable  in  that  position.  Perhaps  I  ought  to  say 
further,  in  view  of  some  tilings  that  were  said  by  counsel  in  the  argument,  that  it 
is  not  material  a.<  to  the  character  of  the  vein  matter;  whether  it  is  loose  and  dis- 
integrateil,  or  whether  it  is  solid  material.  In  these  lodes  the  earth  that  is  found 
in  them,  the  earthy  matter  which  may  be  washed  or  treated  with  water  or  steam, 
is  often  the  most  valuable  part.  It  was  never  understood  here  or  elsewhere,  so  far 
as  I  know,  tliat  such  earthy  matter  was  not  end)raced  in  the  location  because  it  was 
of  that  character.  It  is  llie  surrounding  mass  of  country  rock ;  it  is  that  which 
incloses  the  lode  rather  than  the  material  of  which  it  is  composed,  which  gives  it 
its  character;  so  that  even  if  it  be  true,  as  counsel  have  stated  in  the  course  of  their 
arguments,  that  this  is  mere  sand,  is  a  loose  and  friable  material  which  cannot  be 
calleil  rock  in  the  strict  definition  of  that  word,  if  that  be  true,  it  does  not  aflect 
the  character  of  the  lode.  If  it  were  all  of  that  character  it  would  still  be  a  vein 
or  lixle  IX  pim-e,  if  the  wall  on  each  side,  the  part  which   holds  the  lode,  is  fixed 

and  immovable 

"  This  brings  us  to  a  question,  gentlemen,  which  really  is  the  important  question 
in  this  case,  and  that  is  whether  there  is  any  lode  in  tlie  position  whicli  has  been 
mentioned  by  the  witnesses;  and  in  that  connection,  in  the  consideration  of  that 
question,  the  character  of  the  deposit,  as  to  wliether  it  is  a  true  fissure  vein,  or  a 
contact  deposit,  or  a  bed,  or  something  of  that  kind,  is  of  some  value  ;  because  in 
respect  to  fissure  veins  we  accept  the  cavity  or  chasm,  which  is  found  between  walls 
and  filled  with  what  they  call  vein-matter,  as  indicating  or  showing  the  existence 
of  the  lo«le,  even  if  the  matter  which  is  found  in  it  is  not  very  valuable — that  is,  if 
there  is  anything  wiiich  usually  accompanies  valuable  ores  or  minerals.  But  in 
respect  to  this  kind  of  dejwsit,  my  impression  is  that  it  is  to  be  known,  called,  and 
regarde<l  as  an  irregular  deposit ;  one  which,  if  it  should  be  interrupted  fpr  any 
considerable  distance — that  is,  if  what  they  call  the  contact  or  junction  between  the 
porphyry  and  lime  should  become  barren  for  a  considerable  distance — tiiat  it  should 
no  longer  be  called  a  lode.  As  I  understand  it,  this  line  which  exists,  which  .always 
exists  when  there  is  a  union  of  rocks  of  different  ages  and  difl^erent  formation,  may 
carry  ore  or  it  may  not;  it  may  be  productive  or  it  may  be  barren;  and  if  this 
should  be  found  at  any  point  in  its  course  to  become  barren,  and  remain  so  for  any 
considerable  distance,  I  do  not  see  how  it  could  be  called  a  lode  in  that  part  of  it 
so  that  it  could  be  followed  with  the  result  to  claim  what  lies  beyond.  I  should 
say  that  with  reference  to  such  a  line  of  contact  between  rocks  of  different  forma- 
tion, that  to  find  that  line  of  contact  in  one  place,  unless  tliere  were  in  it  valuable 
minerals  which  were  carried  along  with  something  like  a  continuous  course  along 
the  line  of  contact,  that  no  lode  would  be  discovered.  It  could  not  be  said  that  any 
had  been  found  until  such  minerals  were  found.  I  do  not  mean  by  this  that  any 
slight  interruption  for  a  few  feet  of  the  valuable  part  of  the  ore  would  have  the 
efl'ect  to  show  that  the  deposit  was  broken  in  its  continuousness.  I  do  not  mean 
that,  nor  do  I  mean  that  if  any  dyke  or  other  extraordinary  foreign  matter  should 
be  interposed  in  the  course  of  the  lode  so  as  to  cut  it  ofl^,  and  it  should  follow  on 
immediately  after  that  interruption,  that  would  be  regarded  as  such  a  displacement 
in  the  continuity  of  the  deposit  as  would  deprive  it  of  its  regular  character.  When- 
ever it  may  appear  that  the^  fissure  has  existed  at  one  time,  or  at  any  lime,  with  a 
continuous  bo<ly  of  ore  in  it  wliich  may  have  been  interrupted  by  some  subsequent 
convulsion,  the  character  of  tlie  deposit  would  remain  the  same  as  if  tlie  interrup- 
tion had  never  occurred.  But  if  there  was  such  an  intervening  space  in  the  con- 
tact, as  these  witnesses  ciiU  it,  barren  in  its  continuity,  as  might  show  a  separate  and 
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distinct  body  of  ore,  which  had  always  been  such,  I  should  say  that  it  would  not 
pass  with  the  grant  of  the  first.  It  may  help  you,  gentlemen,  for  me  to  express  this 
in  other  language,  and  ask  you  to  extend  the  line  which  is  laid  down  on  tliat  map 
(showing),  for  some  distance  further,  and  to  su]ipose  that  in  the  course  of  that  line, 
we  may  say  that  you  find  tliat  there  is,  at  tlie  head  of  the  deposit,  that  nearest  the 
surface,  a  hinidred  feet  or  more  of  continuous  ore  lying  upon  the  line  between  the 
porphyry  and  the  lime,  and  tlien  there  should  be  an  interruption  of  a  hundred  feet 
or  more  of  this  contact  wliich  is  perfectly  barren  ;  the  lime  and  the  porphyry  com- 
ing together  carrying  nothing  whatever  ;  and  below  that  again,  another  body  similar 
to  that  which  was  found  at  the  head,  the  position  which  I  think  might  be  taken 
upon  this,  the  position  of  these  ore  bodies,  would  be  that  there  would  be  two  lodes 
rather  than  one,  the  first  above,  and  the  second  below ;  but  if  there  is  a  continuous 
body  of  ore,  or  practically  continuous,  and  there  is  no  such  interruption  as  exhibits 
other  than  a  casual  and  fortuitous  displacement,  then  it  would  be  one  lode 

"There  nuiy  be  other  deposits  in  that  neighborhood,  gentlemen,  which  show  en- 
tirely difl'erent  features,  or  sliow  the  same  features,  but  wliether  that  be  true  or  not, 
is  not  a  matter  for  present  consideration.  We  determine  these  questions  only  upon 
what  appears  in  this  case,  and  without  reference  to  any  others  that  may  arise  in  the 
same  locality.  Other  deposits  in  this  neighborhood  may  be  of  an  entirely  different 
character ;  they  may  be  such  as  cannot  in  any  sense  he  called  lodes  at  all.  Whether 
this  is  true  or  not,  is  not  for  present  consideration.  We  determine  this  case,  as  I 
said  before,  upon  the  evidence  given  here,  leaving  other  questions  which  may  arise 
in  respect  to  other  locations  to  the  facts  as  they  may  be  developed  in  respect  to 
them. 

"Some  of  the  witnesses — one  in  particular — was  of  the  opinion  that  the  ore  in 
this  deposit  was  not  found  in  place  until  a  point  had  been  reached  east  of  the  east 
line  in  the  iron  location;  others,  the  witnesses  of  the  plaintiffs,  were  very  confident 
that  it  was  found  as  indicated  upon  the  map,  at  a  point  where  the  shaft-house  is, 
tliere  within  those  lines.  That  is  an  important  question,  gentlemen,  because  tiie 
point  where  it  is  found  in  place  determines  the  ownership  of  the  vein.  In  other 
words,  if  the  point  at  wliich  it  is  found  in  jdace  is  not  within  the  plaintiff's  location, 
they  cannot  claim  any  right  to  go  beyond  the  limits  of  their  patent  and  pursue  it 
elsewhere.     I  think  you  understand  that  point  pretty  well  by  this  time." 

The  definition  here  given  to  the  term  "in  place"  is  too  narrow. 
Neither  the  usage  of  science  nor  the  u.sage  of  practice  requires  that 
rock  in  place  shall  be  wholly  inclosed  in  other  rock  also  in  place. 
The  term  is  not  without  elasticity;  but  its  fundamental  meaning  is, 
that  the  rock  occupies  with  relation  to  the  mass  of  the  adjacent  rock 
the  same  position  as  when  it  assumed  its  present  general  char- 
acter. It  is  not,  in  other  words,  mere  boulder  or  debris,  transported 
from  its  original  position.  The  })o.ssible  vagueness  of  the  term  arises 
from  two  .sources:  First,  All  our  sedimentary  rocks  have  been  de- 
posited by  water,  either  as  mechanical  or  as  chemical  precipitates. 
AVliile  forming  us  rocks,  therefore,  they  might  not  be  considered  as 
in  place.  Practically,  the  distinction  arises  with  regard  to  the  hard 
"cements"  of  the  ancient  river-beds,  which  are  as  really  rock  in 
place  now  as  any  other  conglomerates.     Yet  the  General  Land  Office 
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(see  letter  of  Commissioner  Drnmniond,  February  12th,  1872, 
Copp's  Aliniitfj  /)«r/,s/()/i.v',  j>.  7Si  lias  decideil  that  they  do  not  come 
under  that  d«.H'i>ion  ;  ami  thev  are  uniformly  j)atentod  as  jjhicers. 
Secondly,  A  mass  of  roek  may  not  be  really  in  place  as  a  whole, 
beinuise  it  has  been  dislocated  and  moved  from  its  original  position  ; 
yet  if  it  is  a  larj;e  mass,  this  dislocation  is  in  common  usage  not 
regrarde<.l  as  preventing  the  apjjlication  of  the  term  "in  place  ;"  and 
certainly  the  subordinate  parts  of  such  a  mass  are  considered  as  in 
place.  But  the  notion  conveyed  in  the  above-quoted  charge  to  the 
jury,  that  rock  in  place  must  be  embraced  in  the  general  mass,  is 
untenable.  Is  not  the  top  of  a  granite  mountain  in  place?  Yet  it 
has  no  rock  in  place  above  it,  and  it  may  have  debris  upon  it.  Or 
suppose  a  quartz-lode,  lying  wholly  within  the  mass  of  a  slate  moun- 
tain. It  is  clearly  in  place,  according  to  the  above  definition.  Now 
let  the  mountain  be  so  aflected  by  frost  and  rain  that  the  surface  is 
decomposed  and  removed,  until  the  side  of  the  harder  and  more 
resisting  quartz-lode  is  exposed.  Then,  forsooth,  the  lode,  though 
it  has  not  budged  an  inch  or  yielded  an  ounce  of  its  mass,  is  no 
longer  in  place.  This  is  not  an  imaginary  instance.  I  have  seen 
such  veins.  There  is  a  notable  instance  on  Red  Mountain,  near 
Silver  Peak,  Nevada. 

A  still  more  ludicrous  application  of  this  definition  might  be  made 
to  a  case  in  which  a  lode  crops  out  like  a  wall — a  case  so  frequent 
as  to  have  given  rise  to  the  use  of  the  word  "  ledge  "  as  a  synonym 
for  "  lode."  Here  the  lode  is  actually  standing  in  the  midst  of  the 
debris  produced  by  the  disintegration  of  the  surrounding  surface  ; 
and  it  would  not  be  "in  place"  according  to  the  above  definition  ! 
It  is  unnecessary  to  argue  the  matter  further;  yet  I  cannot  forbear 
to  ])oint  out  that  by  this  definition  no  part  of  a  mountain,  or  of  the 
earth's  crust  can  be  in  place ;  for  if  the  top  layer  be  not  in  place 
because  it  has  no  rock  in  place  over  it,  then  the  next  layer  is  in  the 
same  predicament,  and  so  on. 

The  worst  mischief  couched  in  this  definition  is  indicated  by  an- 
other passage  in  the  charge  above  quoted,  in  which  the  court  in- 
structs the  jury  that  the  point  where  the  vein  is  first  found  in  place 
(proceeding  downwards  from  the  outcrop)  determines  its  ownership. 
Taken  together  with  the  strict  definition  already  criticized,  this  in- 
struction ojxiued  a  door  through  which  any  jury  that  chose  to  do  so 
might  walk  away  with  the  rights  of  locators  under  the  law.  For 
the  majority  of  lode-outcrops  are  more  or  less  weathered  and  disin- 
tegrated, and  where  the  lode  is  harder  than  the  country-rock,  one 
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or  both  walls  are  even  more  affected  by  decomposition  than  the  lode. 
Yet  miners  have  no  difficulty  in  determining  after  a  little  explora- 
tion, that  such  lodes  are  in  place;  and  when  not  only  the  lode,  but 
one  of  its  walls  also,  is  in  place,  the  miner  is  satisfied  that  he  has 
"found  the  lode,"  and  proceeds  to  locate  his  claim  upon  it.  It  is 
unnecessary  cruelty  to  say  to  such  a  locator  that  until  tiie  other  wall 
is  so  solid  that  a  jury  cannot  be  {)ersuaded  that  it  is  debris,  he  has 
no  lode  at  all  ;  and  that  the  lode  begins  to  exist  just  beyond  his  side 
lines,  where  his  neighbor,  who  never  found  it  at  all,  has  located  a 
claim  on  the  surface  and  gone  down  with  a  vertical  shaft  "  for  luck," 
or  for  plunder.  I  shall  recur  to  this  important  matter  in  connection 
with  other  decisions. 

A  further  feature  of  the  above-quoted  charge  requiring  comment, 
is  the  declaration  that  the  contact  zone  in  this  case  was  not  a  vein 
unless  it  was  continuously  ore-bearing — or,  to  take  the  limit  fixed 
by  the  court,  if  a  barren  interval  of  a  hundred  feet  on  a  given  line 
should  exist  in  it.  The  court  here  overlooked  the  overwhelming 
geological  probability  that  in  such  a  case  ore-connections  exist  on 
some  other  line  than  the  one  actually  exposed  in  the  workings.  In 
the  Eureka-Richmond  case,  the  defendants  relied  largely  upon  an 
alleged  barren  interval  of  900  feet,  shown  by  a  certain  drift  between 
two  ore-bodies.  But  other  evidence  at  hand  in  that  case  convinced 
the  court  that  the  zone  containing  these  bodies  was  one  in  origin 
and  character;  and  came  under  tlie  comprehensive  definition  an- 
nounced in  these  words  of  the  Eureka  decision:  "It  [the  term 
'  lode'  as  used  in  the  acts  of  Congress]  includes  all  deposits  of  min- 
eral matter  found  through  a  mineralized  zone  or  belt  coming  from 
the  same  source,  impressed  with  the  same  forms,  and  appearing  to 
have  been  created  by  the  same  processes." 

The  untenable  distinction  set  up  by  the  court  in  the  Grandview 
case  furnishes  its  own  comment  in  the  paragraph  quoted  above,  in 
which  it  is  declared  that  other  deposits  in  the  neighborhood  may  or 
may  not  show  the  same  features  as  the  one  in  suit,  but  that  they  are 
not  to  influence  the  decision  of  the  present  case.  There  being  but 
one  contact-zone  known  in  the  neighborhood  at  the  time,  the  effect 
of  the  ruling  of  the  court  attaching  vital  importance  to  barren  in- 
tervals in  it,  was  that  one  locator  upon  the  outcrop,  being  lucky 
enough  to  put  down  his  incline  in  the  axis  of  an  ore  body  and  to 
avoid  the  barren  spots,  would  be  held  to  have  a  lode,  while  his  next 
neighbor,  being  less  fortunate,  would  have  no  lode,  or  would  lose 
his  right  to  it,  though  both  were  located  on  the  same  zone,  and  neither 
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could  have  foreseen  his  fortune.  It  certainly  was  not  the  intent,  nor 
do  I  think  it  the  necessarv  construction,  of  the  law,  that  the  acqui- 
sition of  mining  titles  should  be  reduced  to  such  bare  gambling  as 
that. 

A  little  later,  on  motions  for  preliminary  injunctions,  in  LeadviUc 
Minintj  Compani/  v.  Fitzgerald  ct  al.  (Carbonate-Little  Giant  case) 
and  Stevens  and  Letter  v.  Murphy  et  al.  (Iron-Luella  case),  Judge 
Ilallett  said  (as  quoted  in  Carpenter's  Mining  Code,  p.  74,  and 
Copp's  United  Slates  Mineral  Landti,  p.  356 — the  two  versions  differ 
slightly  in  unessential  particulars,  and  each  contains  passages  not  in 
the  other,  but  the  one  I  cite  is  substantially  in  both,  except  the  first 
sentence,  which  is  omitted  by  Carj)enter): 

"Section  23'20  of  the  Revised  Statutes  refers  to  veins  and  lodes  in  '  rock  in  place,' 
and  of  course  no  other  can  be  brought  witliin  the  terms  of  the  act.  After  careful 
ci>nsideration.  it  was  thought  that  a  vein  or  lode  could  not  be  in  place  within  the 
meaning  of  the  act,  unless  it  should  be  within  the  general  mass  of  the  mountain  ; 
it  must  be  inclosed  by,  or  held  within  the  general  mass  of  fixed  and  immovable 
rock.  It  is  not  enough  to  find  the  vein  or  lode  lying  on  the  top  of  fixed  or  immov- 
able rook,  for  that  which  is  on  top  is  not  within,  and  that  which  is  without  the  rock 
in  place  cannot  be  said  to  be  within  it." 

Here  the  court  misquotes  the  statute,  which  speaks  of  veins  or 
lodes  o/rock  in  place,  not  in  rock  in  place.  One  might  suppose  this 
to  be  a  typographical  error,  but  for  the  argument  which  seems  to  be 
based  upon  it,  and  falls  to  the  ground  without  it.  "That  which  is 
without  the  rock  in  place  cannot  be  said  to  be  within  it,"  says  the 
court.  AVe  might  irreverently  reply,  **  Well,  don't  say  so,  then  ; 
nobody  asked  you  to."  The  question  of  the  law  is  not  whether  the 
lode  is  within  or  without  rock  in  place,  but  whether  it  is  rock  in 
place;  and  the  lode  itself  may  be  in  place,  though  both  walls  be 
debris  or  air.  The  condition  of  the  country-rock  is  collateral,  but 
not  controlling,  evidence  as  to  the  character  in  this  respect  of  the 
lode. 

It  is  unfortunate  that  this  point  has  not  yet  been  settled  by  the 
United  .States  Supreme  Court.  Justice  Miller  of  that  court,  sitting 
on  the  second  trial  of  the  Grandview  case,  in  July,  1879,  charged 
the  jury  at  considerable  length,  but  passed  over  this  subject  lightly, 
though  it  had  been  made  so  prominent  in  the  charge  on  the  first 
trial.  The  charge  of  Judge  Miller  was  reported  in  the  Denver 
papers  in  July,  1879,  and  from  this  report  I  take  the  following  sen- 
tences, which  comprise  all  that  concerns  the  meaning  of  the  term 
"in  place." 
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"  And  here  I  want  to  say  that  by  rock  in  place,  I  do  not  mean  merely  hard  rock, 
merely  quartz  rock  ;  but  any  combination  of  rock,  broken  up,  mixed  with  mineral 
and  other  things  is  rock  within  the  meaning  of  the  statute 

"I  give  that  instruction  [that  the  mineral  must  be  of  quartz  or  other  rock],  but 
with  the  distinct  understanding  that  all  this  substance,  between  the  porphyry  and 
limestone,  tliat  has  been  explained  to  you,  which  contains  mineral — I  mean  which 
contains  ore — is  rock  in  place." 

After  quoting  and  adopting  the  definitions  laid  down  in  the 
Eureka-Richmond  case,  Judge  Miller  added  : 

"I  am  aided  also  by  my  brother  Hallett,  whose  experience  is  greater  tlian  mine 
in  this  matter,  and  who  has  also  given  the  definition  of  the  word  which  I  propose 
to  read  to  you  as  the  law:  '  In  general,  it  may  be  said  that  a  lode  or  vein  is  a  body 
of  mineral  or  mineral-bearing  body  of  rock  within  defined  boundaries  in  the 
general  mass  of  the  mountain.'  " 

It  will  be  seen  that  these  siatements  do  not  clearly  meet  the  ques- 
tion, whether  rock  may  be  in  place  without  being  embraced  wholly 
by  other  rock  in  place.  On  another  point,  however,  the  peculiar 
nature  of  the  contact-zone  in  suit,  and  the  eifect  on  the  title  to  it  of 
interruptions  in  its  ore-bearing  character.  Judge  Miller  overrules 
Judge  Hallett's  previous  charge.     He  says  : 

"The  eighth  instruction — 'Although  the  jury  believe  from  the  evidence  that  the 
plaintiffs  are  the  owners  of  a  vein  of  quartz  rock  in  place,  yet  if  such  vein  on  its 
course  toward  the  land  in  dispute,  be  interrupted  for  a  considerable  distance,  then 
it  ceases  to  be  a  lode  or  vein,  so  as  to  give  the  plaintiffs  the  right  to  pursue  it  into 
the  adjoining  land,  and  in  such  case  the  plaintiff  cannot  recover.'  I  refuse  that 
instruction.  In  the  first  place  the  evidence  is  uncontradicted — at  least  so  little  con- 
tradicted I  would  not  dare  to  put  that  to  the  jury — that  that  main  incline  has  me- 
tallic ore  in  it  from  beginning  to  end,  as  far  as  it  has  been  carried ;  and  in  the  sec- 
ond place,  the  words  '  considerable  distance,'  do  not  convey  any  accurate  concep- 
tion. In  some  cases  a  mile  would  be  a  '  considerable  distance,'  and  in  some  cases, 
where  a  life  depended  on  it,  half  an  inch  would  be  considered  a  considerable  dis- 
tance  

''  ....  I  say  to  you  further,  gentlemen,  that  the  thinness  or  thickness  of  the 
matter  in  particular  places  does  not  affect  its  being  a  vein  or  lode ;  nor  does  the  fact 
that  it  is  occasionally  found  in  tlie  general  course  of  this  vein  or  shoot,  in  {)ockets 
deeper  down  into  the  earth  or  higher  up,  affect  its  character  as  a  vein,  lode  or  ledge. 
I  say  to  you,  further,  that  a  total  interruption  of  the  ore-matter,  if  the  contact  re- 
mains on  each  side,  the  limestone  and  jiorphyry  arc  still  preserved,  and  the  vein  of 
mineral  matter  is  found  within  a  short  distance  further  on,  pursuing  that  same  con- 
tact, it  is  still  a  part  of  the  same«vein.  In  short,  if  there  is  a  general  and  pervad- 
ing continuance  of  tiiis  mineral  matter,  with  a  casual  and  occasional  interruption, 
but  pursuing  the  same  general  course,  bounded  by  the  same  rocky  material  above 
and  below  as  far  as  you  can  trace  that  until  it  breaks  off  totally  and  is  interrupted 
for  a  very  large  distance,  it  is  a  vein  of  rock  or  mineral  matter.     Now  I  think  you 
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will  have  no  diflRouItv  in  applying  tliese  definitions,  since  the  evidence  liere  is 
alnia$t  unciMitnulieteil  that  there  is  such  a  slieet  of  matter  as  is  spoken  of.  All  the 
witnesses  agree  that  there  is  a  snhstratum  of  limestone  and  a  snperstratvun  of  por- 
phvrv  ;  all  agree,  even  defendant's  witnesses,  that  they  come  to  a  point  where  that 
contact  is  so  narrow,  tliat  only  a  sheet  of  paper  oonld  be  got- into  it,  bnt  slill  it  has 
the  well-preserved  distinetion — the  porphyry  above,  the  lime  below,  and,  altliongh 
ins»>nic  instances  to  tiie  south,  some  to  tlic  north,  and  some  occasional  spots  in  the 
levels,  it  is  stated  by  tlie  defendant's  witnesses,  that  no  more  vein  matter  has  been 
fonnd  ;  yet  you  must,  I  think,  come  to  the  conclusion,  that  on  tlie  whole,  and  taking 
the  course  wliich  this  matter  is  in  contact  from  tlie  line  of  tlie  plaintifl's  location 
to  the  line  of  the  detendant's  location  ;  taking  tiie  coui-se  of  thatrlarge  incline  shaft, 
driven  by  the  plaintifls  from  where  they  fii-st  discovered  it  to  wliere  it  meets  tlie 
defendants — it  is  for  you  to  say,  from  the  testimony,  not  for  me  to  find  for  you— but 
I  can  see  no  reason  why  you  should  not  say  there  is  a  continuous  vein  of  mineral  from 
the  o{>ening  shaft,  the  plaintifl''s  shaft,  to  the  point  where  it  reaches  the  Williams 
shaft.  If  tiiat  is  true,  if  you  find  tiiat  to  be  true,  why,  notwitiistanding  these  casual 
interruptions  in  various  directions,  notwitiistanding  the  widening,  tlie  narrowing, 
the  deejiening.  and  the  shallowness  of  the  vein  ;  notwithstanding  it  has,  in  some 
places,  acknowledged  diversions  down  into  the  ground,  slill,  if  the  miner  is  able  to 
pur^iue,  and  has  been  able  to  pursue  it  in  the  vein ;  notwithstanding  these  interrup- 
tions, yon  are  to  call  it  a  vein,  and  treat  it  as  a  vein  within  the  meaning  of  the  act 
of  Congress." 

It  is  evident  here  that  the  court  did  not  intend  to  let  the  jury- 
accept  a  gap  of  a  hundred  feet  as  enough  to  separate  "  two  lodes," 
both  in  the  same  contact-plane,  and  the  lower  edge  of  one  and  the 
upper  edge  of  the  other  constituting  the  boundaries  of  the  gap.  On 
the  other  hand,  Judge  Hallett,  who  did  attach  that  degree  of  import- 
ance to  a  barren  interval,  was  careful  to  say,  that  a  mere  dyke  cut- 
ting through  the  vein  would  not  destroy  its  legal  continuity.  But 
in  January,  1 884,  in  the  case  of  Louisville  Mining  Company  v.  Iron 
Silver  Mining  Company,  Judge  Goddard  charged  as  follows  (reported 
in  the  Leadville  Daily  Herald  of  January  20th,  1884) : 

"  You  are  further  instructed,  at  the  request  of  the  plaintiffs,  that  evidence  has  been 
introduced  by  the  plaintiffs  showing  that  from  near  the  south  end  of  the  McKeon 
level,  upon  the  Iron  claim,  a  porphyry  dyke  exists  northeasterly  across  the  claims 
of  the  defendant  company  into  the  Louisville  claim,  and  some  twenty  feet  to  the 
west  of  the  Louisville  shaft.  That  the  said  dyke  cuts  upward  through  the  lime- 
stone and  crosses  the  plane  of  contact  and  into  the  porphyry  hanging  wall  at  the 
points  along  its  course,  and  in  so  doing  it  cuts  through  and  entiiely  obliterates  tJie 
line  of  contact  between  the  lime  and  porphyry.  The  defendant  .company  has,  on 
the  other  hand,  introduced  evidence  showing  that  even  though  there  should  be  an 
intrusion  of  gray  porphyry  through  the  limestone,  at  defined  points  along  the  line 
at  which  the  plaintiflfs  claim  the  dyke  cut  its  way,  yet,  nevertheless,  it  does  not  cut 
across  the  i>lane  of  contact,  nor  does  it  destroy  the  continuity  of  the  vein,  and  that 
the  dyke  claimed  by  the  plaintiffs'  witnesses  does  not  exist.  It  is  for  yon  to  deter- 
mine from  this  conflicting  testimony  what  the  facts  are  in  relation  to  the  alleged 
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dyke.  Yon  are  instructed,  tliat  if  you  believe  from  the  evidence  that  the  dyke 
exists,  as  claimed  by  plaintiffs'  witnesses,  and  that  it  cnts  through  and  destroys  the 
plane  of  contact,  entirely  separating  the  mineral  bodies 'npon  the  north  and  south 
thereof,  so  that  you  cannot  reach  the  one  tlirough  the  other  along  the  plane  of  con- 
tact, or  through  or  along  the  crevice,  then  the  ore  and  vein  material,  with  their  in- 
closing walls  to  the  north  and  to  the  south  of  the  said  dyke,  constitute  two  separate 
veins  or  lodes,  and  the  defendant  company  has  no  right  under  the  law  to  go  to  the 
south  of  the  said  dyke  by  virtue  of  the  possession  of  the  apex  of  tlie  vein,  if  such 
exists  within  any  of  their  mining  claims." 

The  lot  of  a  Leadvllle  locator  is  truly  not  a  happy  one.  If  his 
outcrop  is  disintegrated,  or  one  of  his  walls  is  loose,  or  his  vein 
pinches,  or  a  dyke  cuts  through  it,  he  has  few  rights  which  a  jury 
is  bound  to  respect.  The  long  and  short  of  it  is,  as  one  of  the 
counsel  in  the  Louisville  case  was  bold  enough  to  say  in  the  court, 
that  the  Leadville  people  are  determined  to  keep  locators  within 
their  side-lines  ;  and  the  ridings  of  the  courts  have  furnished  tech- 
nical pretexts  for  carrying  out  the  "common  law  of  the  district." 

The  latest  ruling  of  Judge  Hallett  which  I  have  seen,  is  con- 
tained in  his  charge  to  the  jury  in  the  case  of  Iron  S'llvei-  3Iining 
Coynpcmy  v.  W.  S.  Checsman  et  al.  (Iron-Smuggler  case),  I  do  not 
know  that  it  has  been  printed.  I  quote  from  a  manuscript  copy 
furnished  to  me.  The  charge  was  delivered  at  Denver,  June  10th, 
1882. 

''  To  determine  whether  a  lode  or  vein  exists,  it  is  necessary  to  define  those  terms  ; 
and  as  to  that,  it  is  enough  to  say  that  a  lode  or  vein  is  a  body  of  mineral  or  mineral- 
bearing  rock  within  defined  boundaries  in  the  general  mass  of  the  mountain.  In 
this  definition,  the  elements  are  the  body  of  mineral  or  mineral-bearing  rock,  and 
the  boundaries.  With  either  of  these  things  well  established,  very  slight  evidence 
may  be  accepted  as  to  the  existence  of  the  other.  A  body  of  mineral,  or  mineral- 
bearing  rock  in  the  general  mass  of  the  mountain,  so  far  as  it  may  continue  unbroken 
and  without  interruption,  may  be  regarded  as  a  lode,  whatever  tlie  boundaries  may 
be.  In  the  existence  of  such  a  body,  and  to  the  extent  of  it,  boundaries  are  implied. 
On  the  other  hand,  with  well-defined  boundaries,  very  slight  evidence  of  ore  witliin 
such  boundaries  will  prove  the  existence  of  a  lode.  Such  boundaries  constitute  a 
fissiu'e  ;  and  if  in  such  a  fissure  ore  is  found,  although  at  considerable  intervals  and 
in  small  quantities,  it  is  called  a  lode  or  vein." 

It  is  sufficiently  evident  that  under  the  various  definitions  and  rul- 
ings above  quoted,  the  title  of  the  mining  locator  is  not  only  uncertain 
at  the  start,  but  can  never  bo  made  certain.  It  remains  always  a 
question  for  a  jury  to  decide,  whether  his  deposit  is  a  lode  or  not; 
and  it  may  be  a  lode  to-day,  and  cease  to  be  a  lode  by  reason  of  _. 
further  developments  to-morrow ;  or  one  jury  may  pronounce  it  a      H 
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IcK^e,  an«l  another  not.  The  oxporicnoc  of  the  Iron  Silver  Mining 
Company  at  I>t\u]villo  is  an  illnstration.  Of  sovoral  suits,  all  turn- 
ing upon  the  same  geological  and  legal  state  of  faets,  the  eompany 
won  some  and  lost  others.  And  in  tlie  later  trials  the  conij)any  was 
invariably  defeated,  beea use  "popular  sentiment"  was  against  it. 
Yet  it  will  be  admitted  that  the  use  of  any  law  regarding  the  title 
to  propertv  is,  that  having  eomplied  with  the  law,  an  owner  eannot 
afterwards  be  robbed  and  denied  his  reuiedy  simj)ly  beeause  he  is 
odious.  If  the  jury  verdiets  at  Leadville  had  been  clearly  contrary 
to  law,  they  eould  have  been  set  aside.  But  they  were  not  contrary 
to  law.  The  law,  vague  or  silent  on  certain  points,  was  construed 
bv  the  courts  in  such  a  way  (whether  necessarily  or  not)  as  to  leave 
the  jury  great  latitude.  They  had  only  to  choose  which  witnesses 
they  would  believe  as  to  obscure  features  of  the  lode,  and  on  any 
one  of  half  a  dozen  points  they  could,  at  will,  decide  it  to  be  a  lode 
or  no  lode. 

Moreover,  there  is,  as  I  have  already  indicated,  a  certain  argument 
of  equity,  not  without  force,  as  to  the  application  of  the  United 
States  law  to  veins  of  not  more  than  15  degrees  dip — called 
"blanket-lodes"  in  the  West.  Congress  might  have  ordained  some 
different  rules  for  these  lodes.  They  did  constitute  under  the  old 
German  laws  a  separate  class.  I  do  not  see  that  the  operation  of 
the  law  would  have  been  improved  by  this  distinction.  It  would 
simply  have  introduced  a  new  question  of  fact  for  witnesses  to 
quarrel  over,  and  a  new  peril  for  mining  locators.  But  however 
that  may  be.  Congress  did  not  make  the  distinction  ;  and  the  at- 
tempt to  import  it  into  the  administration  of  the  statutes  as  they 
stand  is  vain.*  The  moral  of  the  whole  matter  is  that  the  law  itself 
is  at  fault,  and  often  works  or  permits  substantial  hardship,  or  even 
injustice.  But  the  only  way  to  treat  it  is  to  enforce  it  or  change  it. 
Meanwhile,  it  must  be  remembered  that  hardship  is  not  necessarily 
injustice.  The  first  locator  complying  with  the  law  should  obtain 
a  clear  title  to  something.  A  later  locator  or  prospector  may  want 
part  of  that  something  ever  so  much  ;  he  may  think  he  is  going  to 
get  it,  or  has  got  it;  yet  his  disappointment  is  not  unjust  to  him, 
however  hard  it  may  be.     What  is  unjust  is  the  requirement  of 

*  "It  cannot  be  presumed  that  Congress  intended  to  prescribe  a  rule  for  one  class 
of  fi.s'iures,  leaving  others  unprovided  for.  As  those  acts  were  apparently  intended 
for  all  lode-i,  it  is  not  for  the  courts  to  say  that  they  shall  be  confined  to  lodes  which 
have  a  certain  position  in  the  earth."  Judge  Hallett  to  the  Public  Lands  Commis- 
sion.— Eepfjrt,  p.  270. 
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conditions  which  nobody  can  understand,  or  be  sure  he  has  fulfilled, 
and  the  giving  of  a  title  in  return  which  nobody  can  fully  trust; 
and  this  injustice  will,  I  fear,  remain  until  the  attempt  to  base  extra- 
lateral  rights  upon  undeveloped  and  uncertain  geological  conditions 
shall  be  abandoned,  and  the  vertical  boundary-planes  shall  become 
at  once  the  inviolable  limits  and  the  impregnable  defences  of  the 
locator's  rights. 

In  justice  to  Judge  Moses  Hallett,  whose  decisions  have  been 
criticized  in  this  pa})er,  it  should  be  added  that  while  he  has 
attempted  to  construe  the  law  under  great  difficulties,  and  in  some 
instances  may  have  given  it  a  construction  which  it  will  not  bear, 
he  recognizes  clearly  its  imperfection,  and  favors  its  radical  reform. 
In  a  letter  to  the  Public  Lands  Commission*  Judge  Hallett  says: 

"  It  is  safe  to  say  that  the  greater  part  of  tlie  legal  complications  for  which  mines 
are  notorious  over  all  other  property,  grows  out  of  the  practice  of  dealing  with  lodes 
as  distinct  and  severable  frorp  the  earth  in  which  they  may  be  found.  In  condem- 
nation of  that  policy  it  is  only  necessary  to  say  that  very  many  lodes  have  not  that 
character,  and  of  those  that  are  pretty  well  defined  it  is  often  difficult  and  sometimes 
impossible  to  distinguish  one  from  another.  If  we  can  return  to  the  common-law 
princii)le  which  gives  to  the  owner  of  the  surface  ail  that  may  be  foimd  witliin  his 
lines  extended  down  vertically,  we  should  avoid  hereafter  fully  one-half  the  contro- 
versies that  now  embarrass  the  mining  industries  of  this  country." 

The  "common  law  principle"  does  not,  as  Judge  Hallett  seems 
to  imi)ly,  forbid  the  separation  of  the  mineral  right  from  the  surface 
ownership.  This  has  been  shown  on  a  preceding  page.  But  he  is 
perfectly  right  in  his  main  proposition,  and  has  clearly  indicated  the 
heart  of  the  trouble.  The  government,  in  exercising  its  undoubted 
right  to  separate  the  two  properties,  has  violated,  not  common-law, 
but  common-sense,  by  conveying  a  thing  which  it  is  difficult  to 
recognize,  describe,  and  bound. 

II.    The  Apex. 

As  we  have  seen,  the  extra-lateral  title  of  a  lode-claim  is  con- 
trolled by  the  possession  of  the  "  top  or  apex."  These  terms  ap- 
peared for  the  first  time  in  the  act  of  1872.  Tliey  were  not  niiners' 
terms.  I  have  reason  to  believe  that  they  were  used  instead  of  the 
word  "outcrop,"  in  order  to  cover  "blind  lodes,"  which  do  not  crop 
out.  The  conception  of  an  apex,  which  is  properly  a  point,  was 
probably  taken  from  the  appearance  of  a  blind  lode  in  a  cross-section 


( 


*   Report  of  the  Public  Lands  Commission,  Washington,  1880,  pp.  xxxvii.,  2G9. 
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wliere  tlie  walls  appear  as  lines,  ami  the  upper  e(l<2;e  as  a  point. 
The  term  may  also  have  been  intomloil  to  eover  the  imaginary  case 
of  an  ore-deposit  whii-li  terminates  upwards  in  a  point.  We  may, 
however,  dismiss  tVom  eonsi«4eration  the  case  of  a  simple  point  and 
safely  assume  that  the  apex  is  the  same  as  the  top,  and  is  either  a 
line  or  a  surface. 

A  few  definitions  of  the  apex  may  be  quoted  with  advantage  be- 
fore further  discussion  of  it.  The  following  are  taken  from  the 
Report  of  the  Public  Lands  Commission,  transmitted  to  Congress 
by  President  Hayes,  February  25th,  1880.  This  Commission,  con- 
sisting of  ^lessrs.  J.  A.  Williamson,  Comniissioner  of  the  General 
Land  Ot!ice,  Clarence  King,  Director  of  the  Geological  Survey,  A. 
T.  Britton,  Thomas  Donaldson,  and  J.  W.  Powell,  issued  a  circular 
containing  a  series  of  questi(>ns,  to  which  numerous  answers  were 
received.  Under  the  head  of  "Lode  Claims"  the  fourth  question 
was  (in  part) : 

"  Wluit  do  yoti  understand  to  be  the  top  or  apex  of  a  vein  or  lode?" 

Among  the  answers  to  this  question  were  the  following : 

1.  "The  higliest  point  at  which  the  ore  or  rock  is  found  'in  place,'  or  between 
the  walls  of  the  vein,  and  not  a  '  blow-out,'  or  part  of  the  ledge  broken  down  out- 
side the  walls."     (.Tohn  Wasson,  United  States  Surveyor-General,  Arizona,  p.  1.) 

2.  "  The  croppings  or  the  exposed  surface  of  the  vein  or  lode."  (Thomas  Waser, 
land-attorney,  Eldorado  County,  Cal.,  p.  229.) 

3.  "Tiie  liighest  jioint  at  which  it  approaches  or  reaches  the  natural  surfoce  of 
the  ground."     (William  N.  Byers,  Denver,  Col.,  p.  259.) 

4.  "The  highest  point  of  its  outcrop  in  rock  in  place."  (S.  W.  Hill,  mining 
engineer,  Leadville,  Col.,  p.  279.) 

5.  "That  point  at  which  the  vein  enters  or  emerges  from  rock  in  place."  (Henry 
Neikirk,  miner,  Boulder,  Col.,  p.  300.) 

6.  "The  top  or  apex  is  generally  understood  to  be  that  part  of  tlie  lode  that  is 
first  discovered.  A  vertical  lode  has  its  apex  at  the  surface."  (H.  W.  Keed,  United 
States  Deputy  Mineral  Surveyor,  Ouray,  Col.,  p.  303  ) 

7.  "Where  the  mineral-bearing  crevice-matter  is  first  met,  either  on  the  surface, 
or,  as  in  blind  lodes,  underground;  but  wherever  it  is  met  there  begins  the  apex." 
(Carl  Wulsten,  United  States  Deputy  Mineral  Surveyor,  Rosita,  Col.,  p.  316.) 

8.  "The  croppings  or  highest  point  of  the  ledge  a[)pearing  above  or  discovered 
beneath  the  surface."  (William  Hayden,  lawyer  and  mine-owner,  Deadvvood,  Dak., 
p.  321.) 

9.  "The  highest  point  of  the  centre  of  the  ledge."  (Daniel  Bacon,  Boise  City, 
Idaho,  p.  329.) 

10.  "The  outcro))  in  the  highest  geological  level,  whether  this  is  accidentally 
higher  or  lower  than  some  outcrop  caused  by  denudation  or  slip."  (W  M.  Courtis, 
M.  E.,  Wyandotte,  Mich.,  p.  339.) 

11.  "Where  it   comes   through   or   to  the  surface  of   the  rock  in    which  it  is 


414  THE    LAW   OF    THE   APEX. 

incased,  thoiigli  it  may  be  covered,  and  sometimes  is,  with  twenty  or  thirty  feet 
of  loose  eartli."     (Wesley  P.  Emery,  miner,  Butte  City,  Montana,  p.  352.) 

12.  "Tiiat  portion  of  the  lode  along  its  course  which  outcrops  to  the  surface,  or, 
if '  blind,'  wiiich  comes  nearest  to  the  surface."  (Walter  McDermott,  M.  E.,  Lewis 
and  Clark  County,  Montana,  p.  372.)  • 

13.  "The  strike  or  course  of  a  vein  is  determined  by  a  horizontal  line  drawn  be- 
tween its  extremities  at  the  depth  at  which  it  attains  its  greatest  longitudinal  extent. 
The  dip  of  a  vein  (its  'course  downward,'  Rev.  Stat.,  ^  2322)  is  at  riglit  angles  to  its 
strike;  or,  in  other  words,  if  a  vein  is  cut  by  a  vertical  plane  at  riglit-angles  to  its 
course,  the  line  of  section  will  be  the  line  of  its  dip.  The  top  or  apex  of  any  part 
of  a  vein  is  found  by  following  the  line  of  its  dip  up  to  the  highest  point  at  which 
vein-matter  exists  in  the  fissure.  According  to  tliis  definition  the  top  or  apex  of  a 
vein  is  the  higliest  part  of  the  vein  along  its  entire  course.  If  the  vein  is  supposed 
to  be  divided  into  sections  by  vertical  planes  at  right-angles  to  its  strike,  tiie  top  or 
apex  of  each  section  is  the  highest  part  of  the  vein  between  the  planes  that  bound 
that  section  ;  but  if  the  dividing  planss  are  not  vertical,  or  not  at  riglit-angles  to  a 
vein  which  departs  at  all  from  a  perpendicular  in  its  downward  course,  then  the 
highest  part  of  the  vein  between  such  planes  will  not  be  the  top  or  apex  of  the  sec- 
tion whicli  they  include.  TJie  strike  or  course  of  a  vein  can  never  be  exactly  deter- 
mined until  it  has  been  explored  to  its  greatest  extent ;  but  a  comparatively  slight 
development  near  the  surface  will  generally  show  its  course  with  sufficient  accuracy 
for  the  purposes  of  a  location.  The  dip  having  an  exact  matiiematical  relation  to 
the  course  of  a  vein  is  of  course  undetermined  until  the  strike  is  determined  ;  but 
closely  approximated  by  taking  the  steepest  (the  nearest  a  vertical)  line  by  which 
practically  the  line  of  dip  in  a  vein  can  be  followed  downward.  The  top  or  apex 
of  a  vein  is  usually  the  first  thing  discovered.  Sometimes  a  blind  lode,  so-called, 
is  encountered  in  driving  a  tunnel  or  sinking  a  vertical  shaft,  and  then  of  course 
the  top  or  apex  cannot  often  be  found  except  by  tracing  it  towards  the  surface  by 
means  of  an  incline.  Of  course  there  are  irregular  mineral  depsoits,  departing 
widely  in  their  characteristics  from  the  typical  or  ideal  vein  which  seems  to  have 
been  in  the  mind  of  the  framer  of  the  act  of  1872.  To  such  deposits  the  foregoing 
definitions  will  not  apply;  and  in  my  opinion  great  difficulty  will  be  experienced 
in  any  attempt  to  apply  the  existing  law  to  them.  I  believe,  however,  that  in- 
stances of  such  formations  are  comparatively  rare,  none  having  fallen  under  my 
own  observation."     (W.  H.  Beatty,  Chief  Justice  of  Nevada,  p.  399.) 

14.  "  Croppings."     (Edward  R.  Chase,  mining  engineer.  Wells,  Nev.,  p.  407.) 

15.  "  The  line  such  vein  would  make  in  its  intersection  with  the  surface,  calcu- 
lated from  its  true  dip  at  each  point."  (Robert  M.  Catlin,  mining  engineer,  Tus- 
carora,  Nev.,  p.  412  ) 

1(3.  "The  uppermost  part  of  the  ledge  between  the  two  walls,  although  these  may 
be  missing."     (D.  Van  Lennep,  surveyor,  Winnemucca,  Nev.,  p  418.) 

17.  "  In  case  the  vein  outcrops  at  the  surface  I  would  call  any  portion  of  such 
outcrop  the  top  or  apex.  If  the  vein  does  not  reach  the  surface,  then  the  highest 
point  to  which  the  vein  or  lode  can  be  traced  is  the  apex — not  necessarily  the  nearest 
point  to  the  surface,  but  the  absolute  highest  point."  (Lawrence  F.  J.  Wrinkle, 
mining  surveyor,  Virginia  City,  Nev.,  p.  430.) 

18.  "Tlie  summit,  comb,  crest,  or  highest  point  on  the  ridge  of  a  vein  or  lode." 
(William  McMullen,  civil  engineer.  New  Mexico,  p.  451  ) 

19.  "The  ui>per  edge;  that  part  which  is  first  reached  or  passed,  in  developing 
a  mine."  (George  H.  Pradt,  United  States  Deputy  Surveyor,  Laguna,  N.  M.,  p. 
456.) 
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20.  "The  outcrop,  or  in  case  of  a  blind  ledge,  that  line  of  the  vein  or  lode  which 
approaches  the  surface  the  nearest."  (Charles  M.  Kolkcr,  mining  engineer,  New 
York,  p.  4152.) 

21.  "That  portion  of  the  vein  that  is  visible  in  the  conntry-rock  when  the  loos2 
dirt  or  earth  has  been  removed.  Some  veins  stand  np  above  the  country-rock  like 
a  wall.  The  top  of  such  veins  would  be  the  highest  part  of  such  wall  above  the 
ground  or  bed  rock."     (Cluirles  M.  Foster,  surveyor,  IJaker  City,  Oregon,  p.  470.) 

22.  "  Its  higiiest  point  at  any  given  place."  (M.  T.  Burgess,  mineral  surveyor, 
Salt  Lake.  Utaii,  p.  487.) 

23.  "The  outcrop."  (James  11.  Martineau,  United  States  Mineral  Surveyor, 
Cacheco,  Utah,   505.) 

24.  "  The  point  at  surface  where  the  ore  is  met  with ;  either  superficially  seen  in 
the  cropping?;  or  just  beneath  tlie  surface."  (Edward  13.  Wilder,  United  States 
Deputy  Mineral  Surveyor,  Salt  Lake,  Utah,  p.  521.) 

25.  "  Eitiier  tiie  outci-op  or  crevice  between  walls  at  the  top  of  bed-rock."  (S.  W, 
Downey,  United  States  Delegate  of  Wyoming,  p.  552.) 

26.  "  The  vein  at  the  surface."  (Cliarles  W.  Cross,  attorney,  Nevada  City,  Cal., 
p.  57L) 

27.  "Outcrops  generally."     (E.  D.  Bright,  Trinidad,  Col.,  p.  577.) 

28.  "The  width  of  the  vein  or  lode  on  the  surface;  but  tlie  United  States  mining 
law  means  the  top  or  apex  to  be  the  width  of  the  claim,  GOO  by  1500  feet."  (J.  C. 
Coony,  Fort  Bayard,  N.  M.,  p.  619.) 

29.  "The  outcropping  of  the  vein."  (William  E.  Hull,  miner,  Big  Cottonwood, 
Utah,  p.  632.) 

30.  "  Where  it  has  been  projected  through  the  country-rock  by  an  acting  subter- 
ranean agency  or  force."     (Mason  M.  Hill,  Salt  Lake,  Utah,  p.  636.) 

The  foreffoinff  definitions  e.xhibit  all  dea;rees  of  iireeision  and  com- 
prehensiveness.  Yet  neither  of  them  is  sufficiently  precise  and  com- 
prehensive to  cover  all  possible  cases.  No.  13,  that  of  Chief-justice 
Beatty,  is,  as  might  be  expected  from  his  long  experience  and  ac- 
knowledged ability,  the  most  carefully  guarded;  yet  it  seems  to  be 
rather  an  ideal  definition  than  a  construction  of  the  law  and  the 
common  usage  upon  which  the  law  was  based.  Nearly  all  the 
definitions  above  given  practically  agree  in  one  thing,  that  while  an 
apex  need  not  be  an  outcrop,  an  outcrop  must  be  an  apex.  In  this 
they  are  probably  right,  with  the  exception  of  cases  in  which  portions 
of  the  side  of  a  vein  have  been  laid  bare  by  the  renioval  of  one  wall, 
so  as  to  leave  the  vein  exposed.  Such  exposures  might  be  outcrops  ; 
they  could  scarcely  be  termed  apexes.  The  trouble  with  Judge 
Beatty's  definition  is,  that  it  seems  to  require  the  deep  working  of  a 
mine  before  its  strike  and  dip,  and  from  these  the  proper  position  of 
the  apex,  can  be  determined.  If  he  had  said  "  the  strike  is  determined 
by  the  general  direction  of  a  horizontal  line  drawn  midway  between 
the  walls  of  the  vein,"  lie  would  have  avoided  this  objection.  But 
the  strike  or  course  of  the  vein,  which  is  supposed  to  be  followed  by 
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the  location  upon  it,  is  not  necessarily  the  true  strike.  In  the 
Flagstaff  case  (8  Otto,  4G3)  the  U.  S.  Supreme  Court  used  the  fol- 
lowins:  lan";na":e  : 

"The  principal  difficulty  in  the  case  ai-ises  from  the  fact  that  the  surface  is  not 
level,  but  rises  up  a  munntain  in  going  from  the  Titus  discovery  to  the  Flagstaff'. 
The  dip  of  the  vein  being  northeasterly,  it  happens  that  by  following  a  level  beneath 
the  surface,  the  strike  of  the  vein  runs  in  a  northwesterly  direction,  or  about  50° 
west.  In  other  words,  if  by  a  process  of  abrasion,  the  mountain  could  be  ground 
down  to  a  plain,  the  strike  of  the  vein  would  be  northwest  instead  of  west,  as  it  now 
is  on  the  surface;  or,  at  least,  as  the  evidence  tended  to  show  that  it  is.  In  that 
case  the  location  of  the  defendant  in  error  would  have  th.e  vein  to  its  right,  and  the 
location  of  the  plaintiffs  in  error  would  not  reach  it  until  several  hundred  feet  to  the 
north  of  the  Flagstaff' discovery. 

"  .  .  .  .  We  do  not  mean  to  say  that  a  vein  must  necessarily  crop  ont  upon  the 
surface,  in  order  that  locations  may  be  properly  laid  \ipon  it.  If  it  lies  entirely 
beneath  tiie  surface,  and  the  course  of  its  apex  can  be  ascertained,  by  sinking  shafts 
at  different  points,  such  shafts  may  be  adopted  as  indicating  the  position  and  course 
of  the  vein,  and  locations  may  be  properly  made  on  tiie  surface  above  it,  so  as  to 
secure  a  right  to  the  vein  beneath.  But  where  the  vein  does  crop  out  along  the 
surface,  or  is  so  slightly  covered  by  foreign  matter  that  the  course  of  its  apex  can  be 
ascertained  by  ordinary  surface-e.Kplorations,  we  think  that  the  act  of  Congress  re- 
quires that  this  course  shall  be  substantially  followed  in  laying  claims  and  locations 
upon  it.  Perha])s  the  law  is  not  so  perfect  in  this  regard  as  it  might  be;  perhaps 
the  true  course  of  a  vein  should  correspond  witli  its  strike,  or  the  line  of  a  level  run 
through  it ;  but  this  can  rarely  be  ascertained  until  considerable  work  has  been 
done,  and  after  claims  and  locations  have  become  fixed.  The  most  practical  rule  is 
to  regard  the  course  of  the  vein  as  that  which  is  indicated  by  surface-outcrop,  or 
surface-explorations  and  workings.  It  is  on  this  line  that  claims  will  naturally  be 
laid,  whatever  be  the  character  of  the  surface,  whether  level  or  inclined." 

In  the  Grand  View  case  (July,  1879)  already  quoted,  Judge  Miller 
used  the  following  language  : 

"The  top  or  apex,  within  the  act  of  Congress,  is  the  highest  end  or  termination 
of  the  vein,  and  this  is  so,  even  though  at  any  intermediate  point  or  points,  where 
the  vein  is  continuous,  it  rises  higher  than  such  highest  end,  it  being  essential  to 
such  '  top '  or  '  apex '  that  there  be  no  vein  continuing  beyond  it.  It  must  be 
the  end  of  the  vein  which  approaches  nearest  to  the  surface.  That  is  the  substantial 
meaning  of  it 

"The  top  of  the  apex  of  a  vein,  within  the  meaning  of  the  act  of  Congress,  is  the 
highest  point  of  that  vein  wliere  it  approaches  nearest  to  the  surface  of  the  earth  and 
where  it  is  broken  on  its  edge  so  as  to  appear  to  be  the  beginning  or  end  of  the  vein. 
The  word  outcrop  has  been  used  in  connection  with  it,  and  in  the  true  definition  of 
the  word,  outcrop,  as  it  concerns  a  vein,  it  is  probably  an  essential  part  of  the  defi- 
nition of  its  apex,  or  toi) ;  but  that  does  not  mean  the  strict  use  of  the  word  outcrop. 
That  would,  perhaps,  imply  the  presentation  of  the  mineral  to  the  naked  eye,  on 
the  surface  of  the  earth,  but  it  means  that  it  comes  so  near  to  the  surface  of  the 
earth  that  it  is  found  easily  by  digging  for  it,  or,  it  is  the  point  at  which  the  vein  is 
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nearest  to  the  surluce  of  the  eartli;  it  means  tlie  nearest  point  at  whioh  it  is  found 
towarvl  tlie  surface  of  the  earth.  And  wliere  it  ceases  to  continue  in  the  direction  of 
the  snrfai-e,  is  the  top  or  apex  of  that  vein.  It  is  said  in  this  case  that  the  point 
chiinied  to  be  the  top  or  apex  is  not  such,  because  at  tlie  points  where  plaintifls  show 
or  attempt  to  prove  an  interruption  of  that  vein,  in  its  ascent  towards  the  surface, 
and  what  they  call  the  beginning  of  it,  the  defendants  say  that  is  only  a  wave  or  roll 
in  the  general  shoot  of  the  metal,  and  that  from  that  point  it  turns  over  and  pursues 
its  course  downwartls  as  a  part  of  the  same  vein  in  a  westerly  or  southwesterly  di- 
rection. It  is  proper,  I  should  say  to  you,  if  the  defendants'  hypotiiesis  be  true,  if 
that  jHiint  which  the  pluintitls  call  the  highest  point,  the  npex,  is  merely  a  swell  in 
the  mineral  matter  and  that  it  turns  over  and  goes  on  down  in  a  declination  to  the 
west,  that  is  not  the  true  apex  within  the  statute.  It  does  not  mean  merely  the 
highest  point  in  a  contintious  succession  of  rolls  or  waves  in  the  elevation  and  de- 
pression of  the  mineral  nearly  horizontal." 

Upon  tliis  ruling  was  based  the  definition  given  to  the  word  Apex 
in  the  writer's  Glossary  of  Mining  and  Metallurgical  Terms  (1881) 
viz. :  "  In  the  U.  S.  Rev.*  Statutes,  the  end  or  edge  of  a  vein  nearest 
the  surface." 

Coupled  with  other  rulings  in  the  Colorado  courts,  this  definition 
locates  the  apex  where  the  vein  is  found  nearest  the  surface  with  both 
walls  in  place;  and  hence  in  many  cases  the  apex,  as  thus  defined, 
might  be  so  far  from  tiie  outcrop,  or  from  the  highest  exposure  of 
the  vein  with  one  wall  in  place,  as  not  to  be  within  the  same  loca- 
tion. 

But  another  and  most  troublesome  point  has  been  raised  concern- 
ing the  apex.  It  will  be  noticed  that  all  the  definitions  are  some- 
what vague  as  to  whether  it  is  a  point,  line  or  surface.  But  this  is 
an  important  question,  because  the  condition  of  extra-lateral  title 
under  the  law  is  that  the  apex  shall  be  within  the  claim.  Now  it 
often  happens  that  the  location  does  not  cover  the  entire  width  of  the 
lode.  This  may  happen  through  ignorance  on  the  j)art  of  the  locator, 
or  an  erroneous  determination  of  the  centre-line  of  the  lode.  Or  it 
may  be  that  the  lode  is  wider  than  the  local  regulations  permit  the 
location  to  be.  According  to  the  statement  of  Mr.  Burgess  to  the 
Public  Lands  Commission  {Report,  p.  487)  this  is  the  case  with  the 
Flagstaff,  South  Star  and  Little  Cottonwood  mines  in  Utah.  It  is 
also  the  case  with  the  Richmond  and  Eureka  mines  on  Ruby  Hill, 
Nevada.  Yet  in  the  Flagstaff  and  the  Eureka  decisions  (both  lead- 
ing cases,  one  of  them  in  the  U.  S.  Supreme  Court,  and  the  other 
tried  before  three  eminent  judges,  one  of  whom  was  Justice  Field  of 
the  U.  S.  Supreme   Court)  this   feature  was   not  considered  by  the 

*  Expanded  by  an  ambitious  compositor  into  "Revenue"  Statutes,  and  thus 
finally  published  {Transactions,  ix.,  102),  to  the  mortification  of  the  author. 
VOL.  XII. — 27 
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Court  as  affecting  the  extra-lateral  rights  of  locators.  So  far  as  I 
know,  it  was  not  raised  by  either  side.  But  in  the  case  of  G.  W. 
Hall  et  al.  v.  Equator  Mining  and  SnicUing  Company  et  al.  {Colorado 
Central  v.  Equator),  Judge  Hallett  pronounced  in  the  U.  S.  Circuit 
Court  of  Colorado,  February  3d,  1879,  an  opinion  from  which  the 
following  extracts  are  taken.* 

".  .  .  .  As  to  all  of  the  disputed  ground,  the  principal  question  aflTecting  the  wliole 
lode  is  whether  by  locating  a  part  of  tlie  width  of  outcrop  the  whole  may  be  taken — 
of  several  collateral  locations  on  the  course  of  a  lode  where  the  top  or  outcrop  is  of 
sufficient  breadth  to  admit  of  more  than  one,  are  not  all  of  equal  dignity  and  force 
within  their  own  lines?  This  question  will  admit  but  one  answer,  with  such  modi- 
fication as  may  be  hereafter  suggested.  The  act  of  1872  certainly  requires  a  location 
to  be  along  the  course  of  the  lode  and  to  include  the  top  of  it,  and  it  is  believed  that 
the  act  of  18(3G  is  of  the  same  effect.  Defendanits'  location  was  made  under  the  act 
of  1866,  and  probably  some  discussion  of  that  view  of  the  act  would  be  appropriate 
in  this  connection.  But  it  may  be  enough  to  say  that  defendants  assumed  to  take 
the  whole  lode  into  their  location ;  and  if  they  failed  to  get  the  whole,  either  by 
their  own  omission  or  because  of  some  restrictive  provision  of  tlie  local  law,  the 
result  is  tlie  same.  In  either  case,  they  can  not  now  claim  more  than  was  taken  by 
the  location.  The  same  rule  is  ajiplicable  to  plaintifTs'  location,  and  as  to  both  of 
them  it  is  no  answer  to  say  that  the  law  would  not  admit  a  location  of  sufficient 
width  to  take  the  whole  lode.  If  the  law  is  illiberal,  it  is  not  for  that  reason  the  less 
controlling.  If,  however,  a  right  to  the  entire  lode  can  not  be  asserted  under  a 
location  covering  a  part  only  of  its  width,  as  seems  to  be  obvious,  the  location  may 
be  valid  for  the  part  described  in  it.  If  it  is  on  the  top  of  the  lode,  it  is  within  the 
act,  and  so  it  ought  to  be  good  for  the  part  within  the  lines  extended  downward, 
vertically,  if  for  no  more.  Generally  it  may  be  said  that  a  patent  for  a  lode,  issued 
under  one  of  these  acts,  will  convey  all  valuable  deposits  within  the  tract  described, 
except  such  as  may  belong  to  lodes  and  veins  which  outcrop  elsewhere  and  come 
into  the  tract  in  their  downward  course.  Prima  facie,  the  patentee  must  be  the 
owner  of  all  tiiat  lies  within  his  lines.  He  has  also  the  right  to  pursue  veins  and 
lodes  which  he  holds  by  their  outcrop  into  other  territory,  but  in  that  the  burden  of 
proof  is  cast  upon  him  to  show  the  origin  and  continuous  course  of  the  vein  out  of 
his  own  land.  Adjacent  owners  may  equally  invoke  the  rule  which  protects  their 
possession,  and  demand  full  proof  of  the  right  to  enter  their  territory.  That  is  to 
say,  every  owner  by  patent  shall  be  sovereign  in  his  own  domain  ;  and  whenever  he 
goes  beyond  it,  he  shall  recognize  the  equal  right  of  others  to  the  same  protection. 
And  thus  it  may  be  true  that  each  of  several  locators  on  the  same  vein  or  lode  will 
own  all  within  his  lines  without  being  able  to  go  beyond  them.  For  as  to  his  right 
to  go  into  other  territory,  he  can  only  do  so  in  pursuit  of  a  lode  or  vein  that  has  its 
top  and  apex  wholly  on  his  own  ground,  and,  having  but  a  part  of  the  lode  in  his 
territory,  he  can  not  comply  with  that  condition.  This  appears  to  be  a  clear  in- 
ference from  the  language  of  the  act.  Tlie  right  given  relates  to  veins,  lodes,  and 
ledges,  the  tops  of  which  are  inside  the  surface  lines,  which  obviously  means  the 
whole  and  not  a  part.    If,  then,  two  or  more  collateral  locations  be  made  on  one  and 

*  See  Emjinecring  and  Mining  Journal,  March  22d,  1879.  The  abstract  reported 
in  Carpenter's  Mining  Code,  3d  ed.,  p.  65,  is  much  condensed. 
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the  same  vein,  and  the  vein  ajipear  to  he  honiogonooiis  throujjliout  its  widtli,  we 
are  authorized  to  sav  that  each  shall  he  eontined  within  his  own  lines  drawn  down 
vertioally.  But  what  shall  we  say  when  there  are  veins  within  a  vein  or  lodes  williin 
a  hnle,  or  when,  as  in  the  great  Conistook,  the  vein  is  on  one  side  of  the  lode,  and  a 
considemhle  UhIv  of  crevice  matter  on  tlie  other  side? 

"The  occurrence  of  veins  in  other  veins,  applying  the  word  first  to  the  sheet  of  ore 
which  is  often  called  the  pay-streak,  and  again  to  the  general  mass  of  the  crevice 
emhracing  the  ore  and  gangue,  will  not  he  controverted.  In  this  case,  the  witnesses 
have  sjwken  of  several  veins  in  the  crevice  matter,  using  the  word  in  its  restricted 
sense  to  descril>e  the  ore  as  distinguished  friim  tiie  great  body  of  the  lode,  and  this 
is  a  matter  of  ordinary  experience  in  the  courts  of  the  State,  as  we  all  know.  This 
ci>rres}H>nds  with  a  definition  found  in  Webster's  Dictionary,  where  it  is  said  that 
the  word  is  often  limiteil  in  the  language  of  mineis  to  a  layer  or  course  of  metal  or 
or^  So,  in  works  on  topography,  fissures  are  mentioned  as  occurring  within  other 
and  probixbly  ohler  fissures,  which  if  filled  may  furnish  the  conditions  of  a  vein 
within  another  and  larger  vein.  It  may  he  that  the  word  is  generally  applied  to 
the  whole  body  of  the  crevice ;  but  if  it  is  also  used  in  a  restricted  sense  to  designate 
the  sheet  or  mass  of  ore  in  which  the  pay  is  found,  it  may  be  taken  to  mean  the  last 
as  well  as  the  first.  I  have  not  heard  the  word  lode  used  in  the  same  sense;  but  as 
it  means  only  a  vein  carrying  ore,  it  would  be  even  more  significant  than  the  latter. 
The  woid  leilge  is  not  in  use  with  us,  and,  therefore,  it  affords  no  light  as  to  the 
prosier  construction  of  the  words  with  which  it  is  associated  in  the  act.  As  found  in 
the  acts  of  Congress,  I  think  that  the  word  vein  may  be  taken  in  the  limited  sense 
to  which  reference  has  been  made,  as  well  as  in  the  larger,  and  perhaps  more  usual 
meaning  of  a  crevice,  belt,  or  zone  of  auriferous  or  argentiferous  rock.  To  give  efi'ect 
to  it  in  that  way,  we  need  not  resort  to  the  nice  definitions  and  subtle  .distinctions  of 
geological  science.  It  is  enough  that  such  is  an  accepted  use  of  the  word  among 
miners,  and  that  it  appears  to  coincide  with  the  intention  of  Congress.  So  under- 
stood, the  word  vein,  in  the  Equator  patent,  may  refer  to  the  siieet  of  crevice  of  ore 
that  was  found  on  the  south  wall  of  the  lode  ;  although,  by  reason  of  the  narrowness 
of  the  location,  it  cannot  be  said  to  refer  to  the  entire  lode.  So  also  the  word  vein 
in  the  Central  jiatent  may  be  regarded  as  referring  to  the  sheets  and  bodies  of  ore 
found  in  plaintiflTs'  openings,  although  for  the  same  reason  it  caimot  apply  to  the 
whole  lode.  If  all  the  ore  in  the  lode  had  been  found  on  the  foot-wall,  a  location  at 
the  top  would  certainly  be  sufficient  to  carry  the  vein,  although  it  might  depart  on 
its  dip  from  the  lines  of  survey.  No  one  would  then  contend  that  a  location  to  the 
northward,  although  on  crevice  matter,  and  although  the  locator  shoidd  come  on 
the  vein  in  its  dip,  would  thus  acquire  a  right  to  it.  The  circumstance  that  bodies 
or  sheets  of  ore  have  been  found  in  the  No.  5  and  Central  ground  to  the  north,  so 
long  as  there  is  no  union  of  such  bodies  with  that  on  the  south  wall,  in  no  way  affects 
the  ownership  of  the  latter.  It  stands  as  if  no  other  vein  had  been  discovered  in 
all  the  lode;  and  the  question  is  whether,  after  discovering  and  locating  that  vein, 
the  defendants  may  follow  it  in  its  downward  course,  as  distinguished  from  the 
lode,  or  the  greater  vein,  if  that  word  is  preferred,  of  which  it  is  unquestionably  a 
part.  If  theore  had  been  distributed  throughout  the  lode  (using  that  word  to  describe 
the  belt  or  zone  of  crevice  matter)  with  anything  like  uniformity,  we  should  he 
unable  to  distinguish  between  the  several  parts,  and,  as  we  have  already  said,  each 
party  woidd  then  be  confined  to  their  own  lines.  But  the  vein  on  the  south  wall 
is,  according  to  the  evidence,  quite  distinct  from  the  general  mass  of  the  crevice 
and  of  such  strength  and  continuity  as  may  give  it  unity  and  individualitv  in  law 
and  in  fact.    There  are  several  spurs  or  off-shoots  coming  in  from  the  north  which 
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do  not  appear  to  affect  the  character  of  the  vein.  And  tliere  are  some  indications  of 
a  probable  union  and  consolidation  of  all  the  ore-bodies  west  of  the  present  develop- 
ment ;  bnt  of  these  things  we  need  not  speak.  In  deciding  this  cause,  it  is  enough  to 
say  that  the  vein  on  the  south  wall  maybe  held  as  a  separate  and  distinct  location,  with 
the  right  to  follow  it  in  its  downward  course  so  long  as  it  retains  its  individual  char- 
acter. If  it  shall  be  found  to  nnite  with  another  vein  in  the  same  lode,  the  rights 
of  the  parties  will  be  governed  by  those  principles  which  are  applicable  to  the  union 
and  intersection  of  distinct  and  separate  lodes.  All  that  has  been  said  respecting 
this  vein  is  based  on  the  fact,  as  shown  by  the  evidence,  that  its  top  and  outcrop  are 
wholly  within  the  Equator  ground 

"  If  the  top  and  apex  of  the  vein  had  been  found  within  the  Central  lines,  some 
questions  would  arise  which  were  submitted  by  counsel  concerning  the  force  and 
effect  of  the  patents  within  the  space  covered  by  both  locations.  In  the  view  which 
lias  been  taken  of  the  case,  however,  it  has  not  been  found  necessary  to  discuss  those 
questions. 

"  Briefly  to  recapitulate  all  that  has  been  stated  at  length,  we  may  say : 

"  First.  That  the  vein  on  the  foot-wall  is  so  far  distant  and  separate  from  the  gen- 
eral mass  of  the  lode  that  it  could  be  taken  and  located  witliout  including  the  entire 
lode  in  such  location. 

"Second.  That  the  top  and  outcrop  of  that  vein  from  the  engine  shaft  west  as  far 
as  the  development  extends,  is  within  the  Equator  grounds. 

"Third.  That  defendants,  having  the  top  and  outcrop  of  the  vein  in  their  territory, 
may  follow  it  in  its  downward  course  into  other  territory,  so  long  as  it  retains  its 
individual  character. 

"Fourth.  There  is  no  union  or  junction  of  veins  within  the  Central  ground  as 
claimed  by  plaintiffs. 

"The  judgment  will  be  for  defendants." 

Upon  this  decision,  the  writer  made  the  following  comments* 
(here  quoted  with  slight  verbal  alterations): 

"  Assuming  the  facts  as  the  court  states  them,  and  accepting  particularly  its  posi- 
tive declaration  that  the  material  between  the  two  '  veins'  of  ore  which  it  describes 
as  included  in  one  lode,  is  vein-matter  or  gangue,  and  not  country-rock,  we  liave  to 
make  the  following  criticisms  upon  this  view  of  the  law : 

"  1.  The  subject  of  the  grant  contained  in  a  United  States  raining  patent  is  not  a 
vein  of  ore,  but  a  vein  of  quartz  or  other  rock  in  place  carrying  ore.  Hence,  if  the 
court  is  satisfied  that  a  mass  of  rock  intervening  between  two  seams  of  ore  is  vein- 
matter,  the  two  seams  must  be  held  to  be  parts  of  the  same  vein  or  lode.  It  is  quite 
true  that  small  veins  of  ore  occur  within  lodes ;  but  it  is  not  true  that  the  terms  vein 
and  lode  in  the  statute  have  reference  to  such  a  distinction.  On  the  contrary,  as 
has  been  repeatedly  held,  the  words  are  used  in  the  acts  of  Congress  as  interchange- 
able and  synonymous.     The  phrase  is  '  a  vein  or  lode,'  not  '  a  vein  or  a  lode.' 

"  2.  The  width  of  the  surface  location  is  left  to  local  laws,  'so  far  as  the  same  are 
applicable  and  not  inconsistent  with  "  the  United  States  law.  This  provides  that 
the  surface  location  shall  not  exceed  1500  feet  in  length,  or  extend  more  than  300 
feet  or  less  (except  in  certain  cases)  than  25  feet  on  each  side  of  tiie  middle  of  the 
vein  at  the  surface.     But  the  law  contemplates  also  that  the  locator  shall  have  full 

*  Engineering  and  Mining  Journal,  March  22d,  1879. 
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right  between  the  end-planes  of  liis  looation,  to  the  vein  on  which  it  is  based.  If  the 
local  law  operates  to  limit  that  right,  it  is  in  so  far  void,  botii  for  '  inapplicability  ' 
and  for  'inconsistency.' 

"3.  The  snrfatH?  was,  by  the  law  of  1S66,  not  actually  granted  in  full  ownership. 
The  Revised  Statutes  now  give  to  the  locator  the  exclusive  title  to  his  surface.  The 
boundaries  of  that  surface  claim  are  all-important  to  determine  several  things,  to 
wit:  Vertical  planes  drawn  through  the  end-lines,  absolutely  bound  the  locator's 
rights  on  the  course  of  all  veins  ;  while  similar  jilancs,  drawn  through  all  the  bound- 
ary-lines, inclose  a  space  within  which,  if  he  tiuds  the  tops  or  outcrojis  of  other  veins 
than  the  one  specifitxl  in  his  patent,  he  may  follow  such  veins  on  the  dip  into  the 
land  adjoining. 

"  4.  Do  the  side-lines  of  the  survey  affect  the  right  of  the  locator  to  follow  and 
work  a  vein,  outcropping  within  those  lines  to  the  extent  of  a  part,  but  not  the 
whole,  of  its  width  ?  Such  vein  may  be  either  the  vein  specified  in  the  patent,  or 
one  snbsev]uently  discovereil.  In  the  former  case,  it  is  presumed  by  the  Land  Office, 
in  issuing  the  patent,  that  it  covers  the  outcrop  of  the  lode  ;  and  the  patent  conse- 
quently gives  the  right  to  that  lode,  and  all  others  cropping  or  topping  within  the 
surveyed  and  granted  ground.  But  the  top  or  apex  of  a  vein  need  not  bethewiiole 
of  the  vein,  from  wall  to  wall;  and  the  demand  tiiat  both  walls  of  a  vein  shall  be 
discovered,  before  it  can  be  claiuied  and  followed,  is  a  very  exacting  one.  In  many 
instances,  it  could  not  l>e  complied  witli  at  all.  The  simple  rule  should  be  to  con- 
strue a  partial  outcrop  within  the  lines  as  satisfying  tlie  law.  If  an  adjoining  par- 
allel location  contains  the  rest  of  the  outcrop,  the  question  is  simply  one  of  priority 
of  title.  The  elder  location,  or,  if  there  be  a  patent,  the  elder  patent,  takes  the  vein 
which  crops  out  vcithin  tico  locations. 

"  5.  Let  us  see  how  Judge  Hallett's  views  would  operate.  A  locates  25  feet  in 
width  on  each  side  of  the  middle  line  of  an  outcrop  discovered  by  him,  only  50  feet 
wide  ;  but  tliis  50  feet  is  the  upper  edge  of  a  vein  which,  immediately  below,  becomes 
100  feet  wide,  so  that  25  feet  of  its  thickness  extends  into  the  parallel  later  location 
of  B  on  one  side,  and  25  feet  into  the  similar  location  of  C  on  the  other.  A  can,  in 
this  case,  claim  and  work  the  full  width  of  the  vein  which  he  has  discovered,  and 
follow  it  to  any  depth.  But  if  he  had  discovered  the  same  vein,  at  a  point  where  it 
was  60  feet  wide  on  the  surface,  he  could  not  have  got  any  right  to  follow  it  in  depth 
at  all.  For  the  local  law  would  confine  him  to  a  surface  claim  extending  only  25 
feet  each  way  from  the  middle  line;  and  hence,  5  feet  along  each  wall  of  the  vein 
would  be  left  to  adjoining  claims.  The  law  would  not  permit  him  to  locate  those 
adjoining  claims  for  himself:  and  if  he  could  do  so,  it  would  help  him  little;  for, 
as  the  vein  discovered  does  not  crop  out  wholly  within  any  one  of  the  claims,  each 
locator,  according  to  Judge  Hallett,  '  will  own  all  within  his  lines,  without  being 
able  to  go  beyond  them.'  The  union  of  the  three  claims  under  one  ownership 
could  not  confer  rights  which  neither  of  them  possessed.  Hence,  if  A,  B,  and  C 
should  sell  out  to  D,  D  would  own  the  whole  outcrop  of  the  lode,  and  yet  have  no 
right  to  follow  it  in  depth  !  In  short,  under  this  decision,  there  would  be  no  possible 
way,  under  a  local  law  j)re3cribing  the  width  of  location  above  supposed,  of  ob- 
taining from  the  United  States  the  mining  rights  which  are  contemplated  by  the 
Federal  laws. 

"Or,  again,  A  discovers  the  foot-wall  of  a  lode,  with  a  seam  of  ore  lying  upon  it. 
Very  likely  there  is  a  similar  seam  along  the  hanging-wall,  that  being  a  common 
exhibition  of  symmetry  in  the  structure  of  true  fissure-veins.  He  does  not  know 
where  the  middle  of  the  vein  is ;  and  he  is  forced  to  record  his  location  within  a 
brief  period,  on  pain  of  losing  his  title  altogether.     Necessarily,  he  locates  his  claim 
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to  include  the  foot-wall ;  and,  supposing  that  his  fifty  feet  in  width  only  limit  him 
as  to  surface-ownership,  and  as  to  claims  on  possible  veins  yet  undiscovered,  he  rests 
in  tlie  belief  that  he  has  secured  a  certain  length  on  the  principal  vein.  But  on 
cross-cutting  and  developing,  he  finds  the  hanging-wall  to  be  outside  of  his  surface 
lines,  and  is  told  by  Judge  Hallett  that  until  the  hanging-wall  seam  of  ore  comes 
into  the  foot-wall  seam  (which  it  will  not  do,  as  a  general  rule,  unless  the  lode 
pinches),  he  cannot  lay  claim  to  it !  We  might  multiply  instances  to  show  that  this 
application  of  local  laws  regarding  the  surface-lines,  or  any  application  of  the  sur- 
face-lines which  permits  parallel  conflicting  ownerships  on  one  vein  or  lode,  and 
at  the  same  time  deprives  them,  one  and  all,  of  the  right  to  follow  the  lode  in  depth, 
unless  they  can  maintain  the  independence  of  some  particular  seaiy  within  it,  is 
fatal  to  security  of  title. 

"  6.  The  case  of  the  Comstock  lode,  cited  in  passing  by  Judge  Hallett,  proves  just 
the  opposite  of  what  he  intends.  For  it  is  not  true,  as  he  supposes,  tiiat,  in  the 
Comstock,  the  '  vein'  is  on  one  side  of  the  'lode.'  On  the  contrary,  the  history  of 
mining  on  that  lode  has  repeatedly  involved  the  discovery  of  new  ore-bodies  to  the 
east  or  hanging-wall  side,  and  beyond  what  had  been  supposed  to  be  the  true  hanging- 
wall.  If  his  doctrine  were  accepted,  almost  every  mining  company  on  the  Com- 
stock woidd  have  been  deprived,  at  one  time  or  another,  of  its  valuable  bodies  of 
ore;  and  the  era  of  chaos  and  conflict,  arising  out  of  innumerable  surface-locations 
upon  seams,  strings,  leaders,  and  what  not,  would  have  been  perpetuated  until  now. 

"7.  The  two  fundamental  mistakes  which  have  led  to  this  decision  appear  to  us 
to  be  the  mistake  of  supposing  that  a  narrow  surface-location  can  defeat  the  purpose 
of  the  Federal  law  as  to  the  full  mining-right  on  a  discovered  lode;  and  the  mistake 
of  saying  that,  in  such  a  case,  though  the  whole  lode  may  not  be  held,  yet  a  subor- 
dinate seam  of  mineral  in  it  may  be  held.  Thus,  the  discoverer  of  a  very  wide  and 
valuable  lode,  impregnated  throughout  with  precious  metal,  could  get  no  right  to 
follow  it  in  depth  ;  if  he  could  find  a  thread  of  ore  different  from  the  rest,  he  might 
call  that  a  vein,  and  follow  that;  but  if  that  should  give  out,  and  he  should  have, 
eay  at  50  feet  depth,  only  his  homogeneous,  impregnated  vein,  which  wiis  too  big 
for  his  surface-lines,  he  could  not  follow  that  into  adjoining  ground,  and  would  lose 
his  mine.  In  other  words,  the  larger  and  more  iniiformly  valuable  is  the  vein  he 
has  discovered,  the  smaller  and  more  precarious  is  his  title  to  it." 

These  comments  require  some  modification.  It  is  not  certain  that 
there  is,  between  the  specified  lode  and  all  other  lodes,  such  a  distinc- 
tion as  is  imj)lied  in  Nos.  3  and  4.  The  language  of  the  Revised 
Statutes  does  not  make  it;  and,  that  being  the  case,  it  is  question- 
able whether  the  language  of  the  patent*  as  issued  by  the  General 

*  The  following  is  the  form  of  a  United  States  Mining  Patent,  copied  from  a 
patent  issued  in  January,  1884. 

UNITED  STATES  OF  AMERICA. 

General  Land  Office.                      Mineral  Certificate, 
No. .  No. . 

To  all  to  tehom  these  Presents  sImII  cmne,  Greeting: 

Whereas,  In  pursuance  of  the  provisions  of  the  Revised  Statutes  of  the  United 
States,  Ciiapter  six,  Title  thirty-two,  there  have  been  deposited  in  the  General  Land 
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Land  Office  (whioh  (lo<\^  make  thi.-J  ilistinction)  has  any  legal  force. 
This  consideration  weakens  also  the  argnnient  of  No.  2. 


Office  of  the  United  States,  tlie  Plat  and  Field-notes  of  Survey  of  the  claim  of 
on  the  Lode,  accompanied  by  tlie  Certificate  of  the 

Register  of  the  Lj\nd  Office  at  in  the  of  wliereby 

it  ap|>oars  that,  in  pursuance  of  the  said  Revised  Statutes  of  the  United  States,  the 
said  did  on  the  day  of  A.D.,  enter  and  pay 

for  said  "mining  claim  or  prctnisos,  being  Mineral  Entry  No.  in  the  series  of 

said  otiicc,  designated  by  tlie  Surveyor-General  as  Lot  No.  ,  embracing  a 

portion  of  Section  in  Township  of  Range  of  the  Principal 

Meridian,  in  the  Minins  District  in  the  County  of  and 

of  ,  in  tlie  District  of  Lands  subject  to  sale  at  , 

containing  acres,  more  or  less,  and,  according  to  the  returns  on  file 

in  the  General  Land  Office,  bounded,  described,  and  platted  as  follows,  with  mag- 
nectic  variation  East,  to  wit : 

[Here  follows  the  description  of  the  survey  by  courses  and  distances.] 

Xotc  Knoic  Yf,  That  the  United  States  of  America,  in  consideration  of  the  prem- 
ises, and  in  conformity  with  tlie  said  Revised  Statutes  of  the  United  States,  Have 
GiVEX  .VND  Granted,  and  by  these  presents  Do  Give  and  Grant,'  unto  the  said 
and  to  and  assigns,  the  said  mining  premises  herein- 

before described  as  Lot  No.  [etc.], 

with  the  exclusive  right  of  possession  and  enjoyment  of  all  the  land  included 
within  the  exterior  lines  of  said  survey  not  herein  expressly  excepted  from  these 
presents,  and  of  linear  feet  of  the  said  vein,  lode,  ledge, 

or  deposit  for  the  length  hereinbefore  described,  throughout  its  entire  depth, 
although  it  may  enter  the  land  adjdining,  and  also  of  all  other  veins,  lodes,  ledges, 
or  deposits  througlioui  their  entire  depth,  the  tops  or  apexes  of  which  lie  inside  the 
exterior  lines  of  said  survey  at  the  surface  extended  downward  vertically,  although 
such  veins,  lodes,  ledges,  or  deposits  in  their  downward  coui-se  may  so  far  depart 
from  a  perpendicular  as  to  extend  outside  tlie  vertical  side  lines  of  said  survey  : 
Provided,  That  the  right  of  possession  hereby  granted  to  such  outside  parts  of  said 
Teins,  lodes,  ledges,  or  deposits  shall  be  confined  to  such  portions  thereof  as  lie  be- 
tween vertical  planes  drawn  downward  through  the  end-lines  of  said  survey  at  the 
surface,  so  continued  in  their  own  direction  that  such  vertical  planes  will  intersect 
such  exterior  parts  of  said  veins,  lodes,  ledges,  or  deposits :  Excepting  and  exclud- 
ing [here  follow  the  reservations,  if  any  there  be,  of  town-lots,  portions  of  ground 
previously  patented,  etc.]. 

And  provided  further,  That  nothing  in  this  conveyance  shall  authorize  the  grantee 
herein,  or  assigns,  to  enter  upon  the  surface  of  a  mining  claim  owned  or 

possesse<l  by  another :  To  Have  and  to  Hoi.d,  said  mining  premises,  together 
with  all  the  rights,  privileges,  immunities,  and  appurtenances  of  whatsoever  nature 
thereunto  belonging  unto  the  said  and  to  and  assigns 

forever,  subject,  nevertheless,  to  the  following  conditions  and  stipulations: 

Firgt.  That  the  grant  hereby  made  is  restricted  to  the  land  hereinbefore  described 
as  Lot  No.  ,  with  linear  feet  of  the  vein, 

lode,  ledge,  or  deposit  for  the  length  aforesaid  throughout  its  entire  depth  as  afore- 
said, together  with  all  other  veins,  ludes,  ledges,  or  deposits  throughout  their  entire 
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The  Equator  case  was  tried  again  in  July,  1879,  before  Judge 
Miller  and  Judge  Hallett;  and  the  former  in>;tructed  the  jury  that 
as  neither  patent  covered  the  apex  of  the  lode,  each  including  only 
portions  of  it,  neither  patentee  had  the  right  to  follow  the  lode  on 
its  dip;  but  each  would  be  confined  to  the  portion  of  the  vein  in- 
cluded between  vertical  planes  drawn  through  his  boundary-lines. 
I  do  not  know  whether  this  decision  was  published,  and  I  am  in- 
debted for  this  brief  summary  of  it,  to  a  distinguished  member  of 
the  Colorado  bar.  Its  practical  effect  would  be  peculiar.  The  ac- 
companying diagram,  Fig.  1,  shows  a  general  case,  in  which  the 
outcrop  of  a  vein  appears  in  two  parallel  adjacent  locations.  Accord- 
ing to  this  decision,  the  locator,  B,  who  has  the  hanging-wall,  will 
obtain  by  far  the  larger  part  of  the  vein.  Moreover,  he  can  cross 
the  line  be  and  work  unmolested,  in  the  ground  C,  unless  some  other 
locator  has  preoccupied  it,  which  can  only  be  done  by  the  actual  dis- 
covery of  ore  within  it.  Now,  unless  there  be  another  deposit  over- 
lying the  vein  here  shown,  such  a  discovery  can  only  be  made  by 
the  sinking"  of  a  deep  shaft  in  C,  to  strike  this  vein  ;  and  if  B  crosses 
the  line  before  such  a  shaft  has  reached  the  vein,  then  B  makes  the 


deptlis  as  aforesaid,  the  tops  or  apexes  of  wliicli  lie  inside  the  exterior  lines  of  said 
survey. 

Second.  That  the  premises  hereby  conveyed,  witli  the  exception  of  tiie  surface, 
may  be  entered  by  tlie  proprietor  of  any  other  vein,  lode,  ledge,  or  deposit,  the  top 
or  apex  of  which  lies  outside  the  exterior  limits  of  said  survey,  should  the  same  in 
its  downward  course  be  found  to  penetrate,  intersect,  extend  into,  or  underlie  the 
premises  liereby  granted,  for  the  purpose  of  extracting  or  removing  the  ore  from 
such  other  vein,  lode,  ledge,  or  deposit. 

Third.  That  the  premises  hereby  conveyed  shall  be  held  subject  to  any  vested 
and  accrued  water  rights  for  mining,  agricultural,  manufacturing,  or  other  purposes 
ahd  rights  to  ditches,  and  reservoirs  used  in  connection  with  such  water  rights  as 
may  be  recognized  and  acknowleded  by  the  local  laws,  customs,  and  decisions  of 
courts. 

Fourth.  That  in  the  absence  of  necessary  legislation  by  Congress,  the  Legislature 
of  may  provide  rules  for  working  the  mining  claim  or  premises  hereby 

granted,  involving  easements,  drainage,  and  other  necessary  means  to  its  complete 
development. 

In  testimony  u'hereoj,  I,  ,  President  of  the  United  States  of 

America,  have  caused  these  letters  to  be  made.  Patented,  and  the  Seal  of  the  General 
Land  Office  to  be  hereunto  affixed. 

Given  under  my  hand,  at  (he  City  of  Washington,  the  day  of 

in  the  year  of  our  Lord  one  thousand  eight  hundred  and  eighty         ,  and  of  the 
Independence  of  the  United  States  the  one  hundred  and 

Bv  the  President, 

By , 

Secretary. 
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discovery  of  ore  in  C,  ;\iul  can  tor  himself  locate  the  oround.  Judge 
Miller's  ruling,  therefore,  it  will  be  seen,  strongly  favors  the  hang- 
ing-wall claimant,  and  may,  under  certain  circumstances,  give  him 
practically  the  whole  of  the  vein.     Judge  llallett's  previous  ruling, 
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on  the  other  hand,  would,  as  one  of  the  counsel  engaged  in  the  case 
expressed  it,  "  saw  the  lode  into  slabs,"  if  there  were  j)arallel  seams 
of  ore  in  it  which  would  permit  such  a  division,  such  as  x,  y,  Fig.  1. 
According  to  my  recollection — I  have  no  report  of  the  cases  before 
me — rulings  were  made  in  Nevada  by  Judge  Rising  (May,  1881) 
and  Judge  Rives  (August,  1881)  in  controversies  between  the  Rich- 
mond and  Albion  mining  companies,  declaring  in  effect  that  the 
prior  location,  though  it  covered  but  a  part  of  the  width  of  the  apex, 
would  hold  the  whole  vein  on  its  dip.  I  think  tlie  tenor  of  the  de- 
cisions of  the  State  courts  on  the  Pacific  coast  has  been  in  the  same 
direction.  But  perhaps  it  would  be  more  correct  to  say  that  the 
point  has  scarcely  been  contested  outside  of  Colorado.  The  j^rior 
location  has  taken  the  vein  as  a  matter  of  course.  Under  the  law 
of  1866,  or  the  miners'  customs  generally,  the  question  could  not 
arise.  The  right  of  discovery  and  prior  location  was  too  potent  to 
permit  such  interference;  and  the  lines  of  the  surface-location  were 
relatively  of  much  less  importance.  I  cannot  help  feeling  that  this 
fact  would  considerably  influence  the  Supreme  Court  in  deciding 
this  point — which  will  reach  that  tribunal  sooner  or  later,  and  the 
sooner,  the  better.     The  language  of  the  statute,  however,  is  pretty 
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positive;  and  since  the  grant  of  tlie  extra-lateral  right  is  an  extraor- 
dinary one,  it  is  fair  to  construe  its  conditions  strictly.  Until  the 
Supreme  Court  siiall  have  settled  it  once  for  all,  we  may  expect 
contradictory  decisions  in  the  courts  below. 

A  Avay  out  of  the  difficulty  suggests  itself  in  the  question  whether 
the  apex  need  include  the  whole  vein  from  wall  to  wall.  May  it 
not  be  a  line?  Must  it  necessarily  be  a  surface?  In  No.  4  of  the 
comments  quoted  above  from  the  Engineering  and  Mining  Journal, 
this  question  is  answered  in  the  negative.  But  the  subject  is  not 
without  great  doubt.  If  the  highest  line  along  the  vein  be  called 
the  apex,  then  the  mere  projections  of  the  outcrop — the  last  accidents 
of  surface-configuration — would  determine  its  legal  course,  which 
might  be  as  crooked  as  the  line  z  z,  Fig.  1.*  This  solution  of  the 
problem,  therefore,  though  it  would  keep  within  the  letter  of  the  law 
and  avoid  the  absurdity  of  a  lode  in  which  nobody  has  or  could  ac- 
quire the  extra-lateral  right,  would  be  extremely  difficult  of  appli- 
cation. 

We  have  thus  discussed  four  different  solutions  of  the  problem 
presented  by  two  parallel,  adjoining  locations,  each  containing  part 
of  the  lode  at  the  surface  or  apex.     Either : 

1.  Each  locator  has  the  extra-lateral  right  upon  his  own  seam 
within  the  lode;  or, 

2.  Neither  locator  has  any  extra-lateral  rights  whatever;  or, 

3.  The  prior  locator  has  the  extra-lateral  right ;  or, 

4.  The  locator  having  the  highest  line  along  the  vein  has  the 
apex,  and  hence  the  extra-lateral  right. 

There  are  two  other  possible  solutions.     Either  : 

5.  Thefootwall  location,  or, 

6.  The  hanging-wall  location,  takes  the  extra-lateral  right. 

In  behalf  of  the  fifth  alternative,  it  might  be  urged,  that  the  dis- 
covery of  one  wall  in  place  is  certainly  enough  to  prove  the  lode  in 
place,  and  that  the  footwall  is  tiie  more  likely  to  be  in  that  condi- 
tion near  the  surface,  and  to  constitute,  therefore,  the  clearer  land- 
mark for  the  true  position,  dip,  etc.,  of  the  lode.  Under  a  special 
statute  in  Montana  (before  the   U.  S.  statute  was  passed),  one  wall 


*  Tliis  objection  was  clearly  pointed  out  by  Dr.  Persifor  Frazer,  in  a  brief  discus- 
sion of  liiis  jiajicr  at  tiie  Troy  meeting.  Tlie  paper  was  not  read  at  that  meeting  in 
full — a  comparatively  brief  oral  statement  of  a  portion  of  it  only  being  presented  ; 
and  the  discussion  is  not  reproduced  here,  because  the  written  paper  has  been  so  far 
modified  as  to  supersede  it.  I  believe  that  the  j)oint  here  named  is  the  only  impor- 
tant one  for  which  credit  should  be  given  in  this  connection. 
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determined  tlie  existence  of  a  lode;  and  since  the  liangino;-\vall  is 
more  frequently  indistinct  or  disintegrated  than  ti>e  footwall,  it  was 
the  footwall  which  the  miner  most  assiduously  sought,  and  upon 
which  he  based  his  claim.  Yet,  no  doubt,  a  prior  discovery  of  the 
hanging- wall  would  defeat  it. 

Concerning  the  sixth  alternative,  I  will  merely  remark  that  T. 
have  heard  of  one  decision  which  adopted  it ;  but  I  have  been  un- 
able to  get  a  report,  or  even  a  trustworthy  account  of  it.  According 
to  the  hearsay  which  constitutes,  in  this  case,  my  only  authority,  a 
certain  judge  decided  that  in  a  case  such  as  is  shown  in  Fig.  1,  the 
hanging-wall  claimant  would  have  the  extra-lateral  right  on  the 
lode,  because  his  claim  would  at  some  depth  or  other  (in  Fig.  1,  at 
d  and  below)  contain  both  walls;  whereas  the  foot-wall  claim  would 
never  include  the  hanging-wall. 

Of  all  these  alternatives,  Xo.  3  is  undoubtedly  the  most  desirable 
for  the  mining  industry  ;  and  it  is  to  be  hoped  that  the  Supreme 
Court  will  see  its  way  to  adopt  it.  This  could  perhaps  most  easily 
be  done  by  a  liberal  construction  of  the  word  "  within,"  as  simply 
not  "without,"  and  by  excluding  the  notion  of  a  third  position, 
neither  within  nor  without  the  location,  as  defeating  the  manifest 
purpose  of  the  law,  and  therefore  absurd  legally,  however  sound  it 
might  be  logicallv. 

Still  another  question  may  arise  concerning  the  apex.  Wiiere  a 
lode,  in  apjiroaching  the  surface,  branches,  and  the  branches  have 
their  outcrops  or  apexes  within  different  locations,  the  prior  locator 
is  probably,  under  the  Act  of  1872,  entitled  to  the  lode  below  the 
junction.  (See  section  14  of  the  Act,  or  section  2336  of  tlie  Rev. 
Statutes.)  For  this  statute  has  nothing  to  say  about  "dips,  vari- 
ations, or  angles;"  and,  under  it,  the  case  described  would  probably 
be  held  to  be  the  union  of  two  veins.  But  the  Act  of  1866  contains 
the  phrase  just  quoted,  and  moreover  clearly  recognizes  the  existing 
customs  of  miners,  by  which  "spurs"  as  well  as  "dips,  variations, 
and  angles  "  were  generally  included  in  the  possessory  title  of  the 
locator  upon  the  main  lode.  In  the  case  of  mines  located  before 
May  10th,  1872,  it  might  be  a  matter  for  legal  decision,  which  apex 
was  that  of  the  main  lode,  and  which  of  the  spuror  feeder.  Eminent 
counsel  to  whom  I  have  submitted  this  point,  reply  : 

"It  would  be  a  question  of  fact  to  be  determined  by  developments  and  expert 
testimony  as  to  which  claim  wa.s  located  upon  the  lode,  and  which  on  a  spur  or 
feeder.  That  being  determined,  of  course  title  to  the  lode  carried  the  lode.  The 
qnestion  would  have  to  be  decided  by  the  jury,  under  the  instructions  of  the  court. 
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The  court  would,  of  course,  instruct  the  jury  in  effect,  tliat  wliicliever  location  they 
believed  covered  the  principal  lode  would  be  entitled  to  hold  it  on  its  dip." 

Even  under  tlie  present  statute,  it  is  held  by  some  that  tliis  ques- 
tion might  arise,  and  that  the  relation  of  the  two  apexes,  as  main 
and  subsidiary,  migiit  overrule  the  relation  of  the  two  locations  in 
point  of  age. 

Without  attempting  to  discuss  the  point  fully,  I  will  show  by 
one  or  two  instances  how  it  might  affect  locators. 

1.  A  finds  a  small  vein,  locates  a  claim  upon  it,  and  begins  to 
work  it.  B,  attracted  by  A's  success,  starts  a  shaft  just  beyond  A's 
side-line,  over  the  dip  of  this  vein,  and  discovers  the  apex  of  another 
vein,  on  which  he  makes  a  later  location.  At  the  depth  of  a  hun- 
dred feet,  the  two  come  together,  and  a  jury  decides  that  B's  lode, 
having  been  the  larger  and  more  profitable  of  the  two,  is  the  main 
lode,  and  that  poor  A,  who  has  pi uckily  followed  bis  less  remunera- 
tive vein  from  the  surface,  in  the  hope  that  it  might  improve  in 
depth,  must  now  lose  it  altogether,  because  it  has  improved  so  much  ! 
This  is  a  hardship  to  A,  who  was  the  real  discoverer,  and  would 
have  developed  the  whole  mine  if  allowed  to  go  on. 

2.  A's  vein  in  the  case  just  described,  is  the  larger  of  the  two,  but 
much  less  rich.  Geologically  it  was  the  main  fissure  ;  but  the  vein 
of  B  is  commercially  the  main  or  only  valuable  lode.  How  shall 
the  jury  decide  this? 

3.  A  locates  as  before,  but  upon  a  defined  lode,  concerning  his 
title  to  which  no  doubt  ever  arises.  B  makes  a  later  location  in  the 
neighborhood,  upon  another  lode  altogether.  In  the  course  of 
working,  it  is  found  that  B's  lode  receives  at  the  depth  of  100  feet, 
a  branch  coming  from,  and  having  its  apex  in  A's  ground.  But 
this  branch  has  never  been  discovered  or  worked  by  A.  It  is  simply 
one  of  the  "all  veins,  lodes  or  ledges,  the  top  or  apex  of  which  lies 
inside"  his  location.  Here  the  giving- of  the  lode  below  the  junction 
to  A  on  the  ground  of  priority,  would  be  a  hardship  to  B;  and  if 
the  jury  should  pronounce  the  A  branch  a  mere  feeder,  and  the  B 
branch  the  main  lode,  they  would  do  substantial  justice. 

These  illustrations  might  be  multiplied  ;  and  the  result  would  be 
to  show  that  the  hardship  would  be  sometimes  on  one  side,  some- 
times on  the  other.  We  may  say,  however,  that  there  is  less  real 
ground  of  complaint  when  the  principle  of  priority  is  made  the  basis 
of  title  than  under  any  other  theory  of  the  mining  law.  The  golden 
rule  for  courts  and  juries  might  well  be,  "  When  in  doubt,  give  the 
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di^pnteii  ground  to  the  prior  locator."     For  this  rnlo  there  are  two 
general  reasons : 

1.  It  recognizes  the  merits  and  claims  of  discovery  and  pioneer 
exploration,  which  are  essentially  among  the  oUlest  and  deepest 
foundations  of  property-rights. 

2.  It  involves  the  minimum  of  uncertainty  and  injustice,  because 
the  subsequent  Ux-ator  is  warned  beforehand,  and  makes  his  claim, 
conscious  that  it  is  subject  to  the  prior  rights.  Hence  he  cannot 
claim  that  he  has  been  surprised  or  wronged. 

III.    The  Course  Downward. 

A  very  important  question  may  arise,  as  to  whether  the  "course 
downward"  of  the  law  must  be  the  true  dip,  which,  as  mining 
engineers  are  aware,  is  the  inclination  in  degrees  below  the  horizon- 
tal of  the  steepest  line  drawn  in  the  plane  of  the  lode,  or  the  inter- 
section of  the  plane  of  the  lode  with  a  vertical  plane  at  right  angles 
to  the  strike. 

The  act  of  1872,  by  the  peculiar  form  of  its  extra-lateral  grant, 
already  discussed,  has  laid  the  main  emphasis  upon  the  end-lines; 
and  the  dip  has  become  relatively  unimportant.  But  the  end-line 
problems  are  yet  far  from  settled.  Many  of  them  have  scarcely  been 
attacked  ;  and  in  some  of  them  it  may  be  that  the  proper  meaning 
of  the  "course  downward  "  may  reflect  light  upon  the  proper  position 
of  the  end-lines. 

Up  to  the  present  time,  however,  there  has  been  but  one  point 
decided  with  regard  to  the  course  downward,  namely,  that  it  is  the 
general  inclination  of  the  lode  entering  the  mass  of  the  earth  ;  that 
it  includes  local  rolls  and  variations  even  when  they  are  so  extreme 
as  to  give  the  lode  temporarily  an  actual  upward  course;  and  that 
it  may  be  said  to  "depart  from  the  perpendicular"  when  it  ap- 
proaches  without  completely  reaching,  a  horizontal  position.  I  will 
not  stop  to  quote  authorities ;  these  decisions  are  obviously  just.  But 
they  do  not  settle  the  question  whether  (even  if  the  true  dip  must  be 
followed)  the  local  dip  at  the  point  of  discovery,  or  the  local  dip  at 
the  end-line,  or  the  average  of  the  two  dips  at  the  two  end-linC'^,  or 
the  average  dip  throughout  the  claim,  or  the  average  dip  of  the 
whole  lode  so  far  as  it  can  be  traced,  must  be  followed. 


ly.  The  End-Lines. 

The  statute,  while  giving  to  the  end-lines  of  the  location  absolute 
controlling  importance,  does  not  prescribe  their  direction.     It  barely 


430 


THE    LAW    OF   THE    APEX. 


directs  that  thoy  sliall  be  parallel,  without  fixing  any  penalty.  The 
requirement  of  i)arallelisin  has  usually  been  enforced  by  the  Land 
Office,  but  patents  have  been  granted  (see  the  Eureka  case,  already 
quoted)  in  wiiich  this  was  not  the  case — presumably  on  locations 
older  tlian  1872;  and  the  shape  has  been  held  not  to  void  the 
patent. 

Mr.  Wriid<le,  mining  surveyor  of  Virginia  City,  Nevada,  sub- 
mitted to  the  Public  Lands  Commission  [Report,  p.  432)  the  case  illus- 
trated  herewith  in  Fig.  2. 

The  diagram  represents  the  outcrop  of  a  lode  LL,  dipping  as 
shown  by  the  arrows.  On  this  lode,  A  makes  the  first  location 
aaaa,  and  obtains  the  extra-lateral  right  between  vertical  planes 
drawn  through  aa',  act'.  The  next  location  is  made  by  B,  who, 
however,  prefers  to  draw  his  end-lines  bb,  inclined  to  the  course  of 
the  lode,  so  that  his  boundaries  bb'  on  the  dip  continually   depart 


from  those  of  A,  Each  of  them  has  complied  with  the  law;  but 
when  C  undertakes  to  lay  a  third  location  between  tliem,  if  he  makes 
one  of  his  end-lines  coincide  with  the  end  line  a  a  of  A,  he  cannot, 
under  the  rulings  of  the  General  Land  Office,  make  the  other  end- 
line  coincide  with  bb,  the  end-line  of  B,  but  must  run  it  from  the 
point  e  (the  crossing  of  the  lode  with  bb)  in  the  direction  ef,  parallel 
with  aa,  leaving  the  triangle/'  e  b',  which  nobody  can  locate,  al- 
though the  claim  of  C  may  be  much  less  than  1500  feet  long.  On 
this  ease,  the  following  observations  may  be  made. 

1.  It  is  not  quite  true  that  nobody  can  locate  the  triangle  referred 
to.  Whoever — B,  C,  or  another,  first  finds  ore,  in  the  lode  LL  or 
any  other  lode,  within  the  vertical  planes  ef,  eb',  can  cover  it  with 
a  surface-location,  which  will  simply  lack  the  extra-lateral  rights. 
Tills  location  may  have  a  maximum  size  of  GOO  by  1500  feet. 

2.  If  C's  only  recourse  were  to  take  the  end-lines  aa,  ef,  he  would 
not  be  wronged;  for  his  claim,  at  any  level   beneath   the  surface, 
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would  he  just  as  lousj  ;is  it  is  at  the  surface.  lie  would  have  every- 
where the  same  uutuher  of  feet  ou  the  hide. 

3.  But  iu  taet  C  has  here  the  opportunity  of  dohi<>;  better  thau 
this.  He  can  draw  an  end-line  cc,  parallel  to  hb,  and  locate  the 
claim  66cc.  Then  drawinoj  through  g  (at  the  crossing  of  the  lode) 
an  end-line  dd,  parallel  to  aa,  he  can  locate  or  cause  to  be  located, 
the  claim  aa  dd*  Then  he  will  be  entitled,  under  the  first  location 
to  the  extra-lateral  ground  bcc'  b',  and  under  the  second,  to  add'a' ; 
and  the  triangle  d'g  e'  will  be  in  the  heart  of  his  ground,  where 
nobody  can  get  access  to  it — provided  the  vein  dips  steeply  enough 
to  bring  it,  at  dc,  so  deep  that  a  vertical  shaft  to  strike  it  would  be 
an  expensive  work.  If  he  can  secure  a  surface-claim,  covering  this 
triangle  as  far,  for  instance,  as  d'  and  c',  he  is  still  further  protected. 
Assuming  the  vein  L  to  dip  45  degrees,  and  the  width  of  the  claims 
as  shown  in  Fig.  2  to  be  the  full  width  of  600  ket,  the  vein  at  d' 
and  c'  would  be  nearly  900  feet  vertically  below  the  surface.  C 
would  thus  possess,  practically,  the  extra-lateral  right  bounded  by 
rt66'rt',  or.  a  longitudinal  extent  of  the  lode  increasing  with  depth. 
It",  however,  instead  of  the  case  which  Mr.  Wrinkle  supposes,  the 
location  of  B  had  the  boundaries  hhlih,  it  is  easy  to  perceive  that  C 
could  in  no  way  avoid  the  cutting  off  of  his  claim  in  depth,  by  the 
intersection  of /j/i'  and  aa'. 

But  these  and  other  similar  problems  are  among  the  simplest,  be- 
cause they  assume  the  apex  to  be  in  the  line  of  the  true  strike — that 
is,  the  direction  of  a  horizontal  line  nwdway  between  the  walls  of 
the  lode — and  to  be  crossed  by  the  end-lines  of  the  location,  the  side- 
lines of  which  would,  therefore,  be  parallel  with  the  strike  of  the 
lode.  More  complicated  questions  arise  when  the  true  course  of  the 
lode  is  curved  or  crooked,  or  the  outcrop,  not  being  level,  is  not  in 
the  line  of  strike,  or  the  outcrop  or  apex  crosses  one  or  both  of  the 
side-lines. 

To  take  the  last  condition  first,  it  was  the  general  custom  of  miners 
before  1866,  that  a  location  held  the  designated  number  of  feet  along 
the  lode,  whether  the  notice  and  surface  monuments  correctly  showed 

*  Under  the  law  of  1866,  not  more  than  one  location  could  be  made  on  the  vein 
by  the  same  person.  There  is  no  such  restriction  now ;  and  if  there  were,  it  could 
as  easily  be  evaded  as  formerly,  when  by  the  convenient  device  of  locating  different 
claims  in  the  names  of  friends,  and  taking  immediately  quit-claim  deeds  from  tiiem, 
a  man  could  practically  acquire  as  many  feet  as  he  desired.  But  for  the  purpose 
here  in  view,  it  might  be  better  that  the  two  claims  of  C  sliould  be  in  different  mimes 
until  the  patents  had  been  issued.  It  should  be  added  that  under  tlie  present  law  a 
separate  discovery  is  required  for  each  claim. 
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the  strike  or  not.  The  miner  had  the  right  to  ''  swing  his  location  " 
and  take  the  full  length  of  his  claim,  without  regard  to  the  claims 
of  subsequent  locators.  The  lode  was  the  main  thing  located  and 
claimed.  Under  the  law  of  1866,  it  was  argued  that  the  same  right 
continued,  even  after  the  issue  of  a  patent.  The  law,  it  was  urged, 
was  intended  not  to  curtail,  but  to  confirm,  the  rights  of  miners,  and 
hence  patents  granted  under  the  law  of  1866,  or  under  the  law  of 
1872  on  locations  previously  made,  would  not  confine  the  patentee 
to  the  length  of  lode  actually  covered  by  his  surface-lines.  The 
Emma-Illinois  case  in  Utah,  and  several  nisi prius  decisions  on  the 
Pacific  slope  sustained  this  view.  But  it  was  overturned  in  Colorado 
by  Judge  Thatcher,  in  the  case  of  Wolfy  and  Skinner  v.  the  Lebanon 
Mining  Company  (Bell  Tunnel — Ben  Harding  case)  reported  in  4 
Colorado,  112.  Carpenter  [Mining  Code,  3d  ed.,  p.  63)  gives  an 
abstract,  from  which  the  following  portions  are  quoted. 

"The  evidence  tended  to  show  tliat  the  Ben  Harding  lode,  in  its  general  conrde 
or  strike,  departed  from  the  vertical  side-lines  of  the  location  as  described  in  the 
patent,  and  entered  the  Bell  Tunnel  lode-location,  which  was  also  patented.  At 
common  law,  a  grant  of  land  carries  with  it  all  that  lies  beneath  the  surface  to  the 
centre  of  the  earth.  Tins  rule,  except  so  far  as  modified  by  statute,  must  extend  to 
the  plaintiff's  patent.  There  may  be  a  grant  of  the  mineral,  separate  from  the  sur- 
face of  the  earth.     The  Ben  Harding  patent  must  be  construed  under  the  act  of 

1866 The  claimant  is  required  to  file  in  the  Land  OfBce  a  diagram  of  his 

vein  or  lode.  This  is  his  own  act.  Before  making  such  diagram,  the  law  contem- 
plates that  he  shall  so  far  expose  and  develop  the  lode  as  to  be  able  to  trace  its 
course.  If  the  plat  made  by  the  surveyor  does  not  cover  the  lode,  he  will  not  be 
permitted  to  shift  his  lines  so  as  to  include  the  lode.  The  error  is  his  own,  not  that 
of  tlie  government  officer  who  acts  under  the  direction  of  tiie  claimant.  However 
tortuous  miglit  be  the  course  of  the  lode,  tiie  claimant  has  a  right  to  follow  it  up  and 
prepare  his  diagram  so  as  to  include  it.  There  are  no  words  in  the  act  which  re- 
quire the  diagram  to  be  in  the  form  of  a  parallelogram  or  any  other  particular  form. 
The  act  requires  that  there  must  be  a  discovered  lode,  whose  locvm  must  be  embraced 
in  the  limits  of  the  diagram.  The  surface  ground  and  the  lode  are  not  independent 
grants.  It  is  not  the  purpose  of  the  law  to  grant  surface-ground  without  a  discov- 
ered lode.     The  lode  is  the  principal  thing,  and  the  surface-ground  incident  tliereto. 

"  In  conveying  a  segment  of  the  earth  located  under  the  provisions  of  the  act,  it  is 
the  intention  of  Congress  to  convey  a  mine  contained  within  that  segment  as  the 
substance  of  the  grant.  The  act  appeals  to  the  industry  of  the  miner  to  make  sure 
that  the  lode  is  within  his  location.  Tlie  higher  his  diligence  the  greater  his  re- 
ward. If  by  lack  of  care  he  makes  a  location  not  embracing  tlie  lode  he  seeks  to 
secure,  he  cannot  be  lieard  to  complain  because  others  have  explored  and  occupied 
the  adjacent  territory  containing  the  claim  he  might  have  embraced  in  his  diagram. 
If,  as  the  evidence  tends  to  show,  the  Bell  Tunnel  lode  is  but  a  continuation  of  the 
Ben  Harding  lode  (after  its  departure  from  the  vertical  side-lines),  extending  through 
the  adjacent  location,  there  is  no  principle  of  law  or  justice,  in  the  absence  of  an 
express  statutory  provision,  by  which  the  patentee  of  the  last-named  lode  can  en- 
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croaoh  upon  (he  premises  embraced  bv  the  Bell  Tunnel  lode-location,  and  de]irive 
the  owner  thereof  of  the  t'ruits  of  his  discovery.  Before  a  claimant  is  entitled  to  a 
IvUent  nnder  the  act  of  lSl5t>,  he  must  comply  with  all  its  provisions,  the  leading 
object  of  which  is  to  require  that  the  claimant,  before  applying  for  a  patent,  sluiU 
ascertain  the  exact  location  of  his  lode  and  fix  by  his  diagram  that  location,  so  that 
the  public  may  be  npprisetl  of  its  limits  and  may  tliereafter  with  safety  explore  and 
occui>y  adjacent  tracts.  It  is  insisted  that  if  not  by  the  terms  of  the  act  of  1866, 
then  by  virtue  of  territorial  legislation  and  local  customs  and  rules  of  miners,  the 
patentee  of  the  Ren  Harding  lode  was  entitleil  to  follow  tiie  course  of  the  discovered 
lode  beyond  its  owti  side-lines,  and  that  the  act  of  ISOG  was  to  recognize  and  confirm 
these  rules  and  custtuus.  The  act  confirmed  such  legislation  of  local  rules,  so  fur  us 
the  i^imt  HK(t/  not  be  in  conjlict  with  (lie  laws  of  the  United  States.  The  acts  of  Congress 
are  paramount  to  all  local  laws,  and  the  patentee  takes  under  the  laws  of  the  United 
States.  Tlie  right  of  the  locator  to  the  possession  of  his  claim  and  to  appropriate 
to  liis  own  use  the  mineral  deposits  therein  imder  the  acts  of  Congress,  is  full  and 
complete,  and  he  need  not  take  steps  to  obtain  patent  for  the  land. 

"There  is  no  time  prescribed  in  which  he  shall  apply  for  the  patent.  Ample  time 
is  given  to  ascertain  the  precise  siliis  of  his  lode,  with  reference  to  adjacent  land. 
The  surface  and  the  lode  are  both  the  subject  of  the  grant.  Tiie  patent  operates  to 
convey,  not  only  the  circumscribed  tract  of  land,  but  also  the  lode  contained  therein, 
with  the  right  to  follow  the  same  in  its  downward  course  into  adjoining  premises, 
but  not  to  follow  it  when  in  its  general  strike  it  departs  from  the  vertical  side- 
lines. In  the  latter  case,  after  its  departure,  it  is  the  subject  of  location  by  whom- 
soever it  may  be  discovered.  If  then,  as  the  evidence  tends  to  show,  the  ledge  on 
which  the  Ben  Harding  lode  was  located,  deflected  in  its  general  strike  from  the 
patenteti  side-lines,  the  patentee  is  not  entitled,  in  virtue  of  iiis  patent,  to  its  posses- 
sion beyond  the  side-lines,  as  against  one  who  lias  subsequently  located  it  and  pat- 
ented it." 

In  the  Dives-Pelican  and  other  important  cases,  Judge  Hallett 
took  a  similar  view.  And  the  whole  matter  was  finally  settled  by 
the  United  States  Supreme  Court  in  the  Flagstaff  case  (8  Otto,  463), 
already  cited,  from  which  decision  I  now  quote  further  : 

"Both  parties  agree  that  the  owner  of  a  mining  right  in  a  lode  or  vein  cannot 
follow  the  course  of  the  vein  beyond  the  end-lines  of  his  location  extended  perpen- 
dicularly downwards  ;  but  that  he  may  follow  the  dip  to  an  indefinite  distance  out- 
side of  his  side-lines.  This  is  undoubtedly  the  general  rule  of  miner's  law,  and  the 
true  construction  of  the  act  of  Congress.  The  language  of  the  act  of  1806  (14  Stat., 
251)  in  relation  to  a  '  vein  or  lode'  is,  that  no  '  location  hereafter  made  siiall  exceed 
two  hundred  feet  in  length  alony  the  vein  for  each  locator,  with  an  additional  claim 
for  discovery  to  the  discoverer  of  the  lode,  with  the  right  to  follow  such  vein  to  any 
depth,  with  all  its  dips,  variations  and  angles,  together  with  a  reasonable  quantity  of 
surface  for  the  convenient  working  of  the  same  as  fixed  by  the  local  rules,  etc' 
The  act  of  1872  is  more  explicit  in  its  terms,  but  the  intent  is  undoubtedly  the  same 
as  it  respects  end-lines  and  side-lines  and  the  right  to  follow  the  dip  outside  of  the 
latter.  We  think  that  the  intent  of  both  statutes  is,  that  mining  locations  on  lodes 
or  veins  shall  l)e  made  thereon  lengthwise,  in  the  general  direction  of  such  veins  or 
lodes  on  the  surface  of  the  earth  where  they  are  discoverable  ;  and  that  the  end- lines 
are  to  cross  the  lo.^.e  and  extend  perpendicularly  downwards  and  to  be  continued  in 
VOL.  XII.— 28 
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tixeir  own  direction  eitlier  way  horizontally ;  .and  that  the  right  to  follow  the  dip 
outside  of  the  side-lines  is  based  on  the  hypothesis  that  the  direction  of  these  lines 
corresponds  substantially  with  the  course  of  the  lode  or  vein  at  its  apex  on  or  near 
the  surface.  It  was  not  the  intent  of  the  law  to  allow  a  person  to  make  his  location 
crosswise  of  a  vein  so  that  the  side-lines  sliall  cross  it  and  thereby  give  him  the 
right  to  follow  the  strike  of  the  vein  outside  of  his  side-lines.  That  would  subvert 
the  whole  system  sought  to  be  established  by  the  law.  If  he  does  locate  his  claim 
in  that  way,  his  rights  must  be  subordinated  to  the  rights  of  those  who  have  prop- 
erly located  on  the  lode.  Their  riglit  to  follow  the  dip  outside  of  their  side-lines 
cannot  be  interfered  with  by  him.  His  right  to  the  lode  only  extends  to  so  much 
of  the  lode  as  his  claim  covers.  If  he  has  located  cross-wise  of  the  lode  and  his 
claim  is  only  one  hundred  feet  wide,  that  one  hundred  feet  is  all  he  has  a  right  to. 
This  we  consider  to  be  the  law  as  to  locations  on  lodes  or  veins. 

"  The  location  of  the  plaintiffs  in  error  is  thus  laid,  across  the  Titus  lode,  that  is 
to  say,  across  the  course  of  its  apex  at  or  near  the  surface;  and  the  side-lines  of 
their  location  are  really  the  end-lines  of  their  claim,  considering  the  direction  or 
course  of  the  lode  at  the  surface. 

"  As  the  law  stands,  we  think  that  the  right  to  follow  the  dip  of  the  vein  is  bounded 
by  the  end-lines  of  the  claim  properly  so-called  ;  which  lines  are  those  which  are 
crosswise  of  the  general  course  of  the  vein  on  the  surface.  The  Spanish  mining 
law  confined  the  owner  of  a  mine  to  perpendicular  lines  on  every  side;  but  gave 
him  greater  or  less  width  according  to  the  dip  of  the  vein.  (See  Rockwell,  pp.  56 
-68,  and  see  same  book,  pp.  274,  275.)  But  our  laws  have  attempted  to  establish  a 
rule  by  which  each  claim  shall  be  so  many  feet  of  the  vein,  lengthwise  of  its  course, 
to  any  depth  below  the  surface,  laterally,  its  inclination  shall  carry  it  ever  so  far 
from  a  perpendicular.  This  rule  the  court  below  strove  to  carry  out,  and  all  its 
rulings  seem  to  have  been  in  accordance  with  it. 

"Tiie  plaintiff'  in  error  contended,  and  requested  the  court  to  charge,  in  effect, 
that  having  received  a  patent  for  2,000  feet  in  length  and  100  feet  in  breadth, -com- 
mencing at  the  Flagstaff" discovery,  on  the  lode  at  the  surface,  they  were  entitled  to 
2,600  feet  of  that  lode,  along  its  length,  although  it  diverged  from  the  location  of 
their  claim,  and  went  off"  in  another  direction.  .We  cannot  think  that  this  is  the 
intent  of  the  law.  It  would  lead  to  inextricable  confusion.  Other  locations  cor- 
rectly laid  upon  the  lode,  and  coming  up  to  that  of  the  plaintiff"  in  error  on  either 
aide  would,  by  such  a  rule,  be  subverted  and  swept  away.  Slight  deviations  of  the 
outcropping  lode  from  the  location  of  the  claim  would  probably  not  affect  the  right 
of  the  locator  to  appropriate  the  continuous  vein  ;  but  if  it  should  make  a  material 
departure  from  his  location,  and  run  off"  in  a  different  direction,  and  not  return  to 
it,  it  certainl\  could  not  be  said  that  the  location  was  on  that  lode  or  vein  farther 
than  it  continued  substantially  to  correspond  with  it.  Of  what  use  would  a  location 
be,  for  any  purpose  of  defining  the  rights  of  parties,  if  it  coidd  be  thus  made  to  cover 
a  lode  or  vein  which  runs  entirely  away  from  it?  Though  it  should  happen  that 
the  locator,  by  sinking  shafts  to  a  considerable  depth,  might  strike  the  same  vein  on 
its  subterranean  descent,  he  ought  not  to  interfere  with  those  who,  having  properly 
located  along  the  vein,  are  pursuing  their  right  to  follow  the  dip  in  a  regular  way. 
So  far  as  he  can  work  upon  it,  and  not  interfere  with  their  right,  he  might  probably 
do  so;  but  no  farther.  And  this  consequence  would  follow  irrespective  of  the  pri- 
ority of  the  locations.  It  would  depend  on  the  question  as  to  what  part  of  the  vein 
tlie  respective  locations  properly  cover  and  appropriate." 

It    will    be    remembered    that  the  paragraj)h  previously  quoted 
from  tliis  decision  declares  that  not  the  true  (horizontal)  course  of 
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the  vein,  but  that  which  is  indicated  by  surface-outcrop  or  surface- 
workings,  whether  level  or  inclined,  is  to  be  followed  by  the  claim. 
To  illustrate:  a  lode  strikes  due  east  and  west,  and  dips  45  degrees 
south.  So  long  as  the  outcrop  is  followed  by  a  level,  its  course  is 
the  true  strike.  But  if,  in  going  eastward,  the  ground  falls  away, 
the  coui-se  of  the  outcrop  changes  from  east  towards  southeast, 
though  the  true  strike  of  the  lode  has  not  changed.  According  to 
the  Flagstaft'decision,  a  location  on  this  part  of  the  lode  should  in- 
clude the  outcroj),  and  run  southeasterly.  This  rule,  and  the 
rule  that  when  the  side-lines  cross  the  apex,  "they  are  really  the 
end-lines,"  are  not  easily  reconciled  with  the  declaration  of  the  court 
that  the  rights  of  a  cross-locator,  irrespective  of  priority,  are  subor- 
dinate to  those  of  proper  locators,  and  that  the  latter  rights  are,  "to 
follow  the  dip  in  a  regular  way."  This  matter  will  be  more  clearly 
appreciated  after  a  study  of  Fig.  3,  which  is  taken,  with  consider- 
erable  modification,  from  a  diagram  furnished  by  Chief  Justice 
Beatty  of  Nevada  to  the  Public  Lands  Commission  {JReport,  p.  40S). 
This  figure  represents  the  apex  of  a  lode,  ACEBD,  dipping  as  shown 
by  arrows  in  the  rectangles  C  and  D.  At  x,  y,  and  z,  there  are 
croppings  upon  the  surface.  The  lode  is  supposed  to  be  perfectly 
uniform  in  strike  and  dip,  the  true  strike  being  shown  by  the  line 
OP,  which  is  a  horizontal  line  drawn  in  the  lode.  The  variations  in 
the  course  of  the  apex  are  due  to  the  topography  of  the  surface,  the 
most  violent  of  them  (from  C  to  A)  being  caused  by  a  precipitous 
ravine,  which  cuts  through  the  vein,  exposing  an  outcroj),  z,  in  the 
face  of  the  precipice,  while  on  the  other  side  of  the  ravine,  the  out- 
crop, w,  shows  the  continuation  of  the  same  vein,  unaltered  in  its 
true  strike  and  dip. 

Between  the  outcrops  x,  y,  and  z,  to  the  left  of  x,  and  on  both  sides 
of  tc,  the  course  of  the  apex  has  been  determined  by  shafts  and 
costeaning 'pits.  Upon  this  lode  A,  B,  C,  D,  and  E  have  made 
locations.  A,  discovering  the  outcrop  z,  in  the  ravine,  before  any 
other  explorations,  made  the  location  aaaa  ;  B  next  made  the  loca- 
tion hbbb,  upon  X ;  then  C  located  ccc  upon  y  ;  after  which,  D,  find- 
ing the  apex  with  the  shaft  s,  and  E,  finding  it  with  the  shaft  i, 
made  their  locations  respectively  as  shown.  Now  what  are  the 
rights  of  the  parties  ? 

Let  it  be  observed  that  this  case  has  been  studiously  freed  from 
complications  such  as  occur  in  most  mining  lawsuits.  There  is  no 
controversy  as  to  facts.  There  is  no  change  of  dip  or  strike,  no 
fault,  no  indefiniteness  of  lode  or  walls,  no  dispute  as  to  priority, 
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no  formal  defect  of  title,  no  peculiar  local  reo;ulation  or  custom. 
A  ami  B,  we  will  suppose,  have  patents.  C,  D,  and  E  are  indeed 
subject  to  reservations  of  rights  of  prior  locators,  covering  portions 
of  their  claims;  hut  this  is  a  common  occurrence,  and  by  no  means 
invalidates  the  claims,  or  hinders  the  obtaining  of  patents. 

According  to  the  views  of  Judge  Beatty,  already  quoted,  E, 
though  locating  after  B  and  C  (the  case  of  A  is  not  in  Judge 
Beatty 's  diagram,  and  is  not  considered  by  him),  is  nevertheless  the 
owner  of  all  that  section  of  the  lode  included  between  the  lines 
mq,  and  c/,  indefinitely  prolonged.  He  asserts  that  the  claims  of 
B  and  C  do  not  include  the  top  or  apex  of  this  section.  According 
to  this  view,  the  lines  mq,  mq,  cl,  gh,  gh,  in  the  diagram,  being  the 
projections  of  lines  drawn  on  the  true  dip  downward  from  the  end  of 
each  section  of  the  apex  claimed,  are  the  true  boundaries  of  the 
extra-lateral  rights.  This,  and  this  only,  would  be  "  to  follow  the 
dip  in  a  regular  way,"  as  the  Flagstaff  decision  puts  it.  But  it  is 
difficult  to  reconcile  this  with  the  explicit  declaration  of  the  statute 
concerning  end-lines.  The  statute  does  not  prescribe  any  regular  way 
of  following  the  dip.  Let  us  take,  for  instance,  the  case  of  A.  He 
is  the  first  man  on  the  ground.  He  is,  so  to  speak,  an  intending 
purchaser  of  mineral  lands,  come  at  the  invitation  of  the  government 
to  look  over  the  unoccupied  territory,  and  decide  what  piece  to  buy. 
No  third  party  is  affected  by  his  decision.  The  statute  says  to  him, 
"Find  a  lode,  locate  a  claim  not  exceeding  such  a  size  along  the 
apex,  and,  having  complied  with  certain  forms  and  conditions,  you 
shall  own  ....  all  lodes,  throughout  their  entire  depth,  the  top  or 
apex  of  which  lies  inside  of  such  surface-lines,  extended  downward 
vertically,  although  they  extend,  in  their  course  downward,  outside 
the  vertical  side-lines.  But  your  right  of  possession  to  such  outside 
parts  shall  be  confined  to  such  portions  thereof  as  lie  between  ver- 
tical planes  drawn  downward  through  the  end-lines  of  your  loca- 
tion." 

"But  how  shall  I  draw  my  end-lines  ?"  inquires  A.  "Parallel 
to  each  other,"  replies  the  statute.  "Be  sure  you  draw  them  across 
the  apex,"  adds  the  Supreme  Court. 

"  What  is  the  apex  ?"  he  inquires  further.  The  statute  is  silent ; 
but  the  Supreme  Court  says,  "That  may  not  always  be  easy  to  de- 
termine; but  one  thing  is  certain.  If  you  follow  the  outcrop,  or 
the  e<lge  of  the  vein  nearest  the  surface,  whether  level  or  inclined, 
you  have  got  it." 

Following  these  directions,  A  makes  his  location  aaaa,  and  it  is 
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hard  to  say  why  he  is  not  entitled  to  the  section  of  the  lode  between 
the  lines  a/,  af,  extended  indefinitely.  The  statute  does  not  hint, 
and  the  Flagstaff  decision  does  not  clearly  imply,  that  end-lines 
actually  crossing  the  apex  can  be  objected  to  as  boundaries  for  the 
extra-lateral  right.  Nor  can  B,  C,  D,  and  E  complain.  They 
have  not  yet  arrived.  When  they  do  arrive,  they  must  take  what 
is  left.  Their  rights,  whatever  tiiey  may  be,  will  stop  at  the  upper 
line  af,  and  recommence  at  the  lower  line  af.  We  have  thus  the 
remarkable  proposition,  that  of  the  point  u  in  the  lode,  A  is  the 
owner,  by  virtue  of  the  apex  in  his  claim,  while,  of  the  point  v,  di- 
rectly below  it  on  the  dip,  B  is  the  owner,  by  virtue  of  the  apex  in 
his  claim.  And  continuing  down  in  the  same  line,  a  point  would  at 
last  be  reached,  below  all  the  rights  of  A,  B,  C,  and  belonging  to 
E.  This  is  an  absurd  result,  and  doubtless  was  not  contemplated 
by  the  makers  of  the  law.  Yet  how  can  it  be  avoided  ?  There 
seems  to  be  but  one  possible  way.  The  courts  may  say  to  A,  ''  The 
extra-lateral  right  granted  to  you  was  based  on  the  condition 
that  the  lode  in  its  course  downward,  extended  outside  your  side- 
line. Now  this  course  downward  must  be  taken  on  the  true  dip. 
You  can  not  follow  the  lode  in  the  direction  of  your  end-lines  in 
this  case,  if  you  thereby  interfere  Mith  other,  even  later,  locators, 
who  are  following  the  dip  in  a  regular  way."  If  this  be  a  per- 
missible construction  of  the  law,  Judge  Beatty's  view  would  be 
sustained  ;  and  A,  who  located,  as  he  supposed,  a  length,  gg,  of  the 
lode,  would  find  his  real  length  reduced  to  hh.  And  there  would  be 
other  results.  The  uniform  ruling  of  the  courts  as  to  end-lines 
would  be  overthrown,  and  the  "  iron-clad  potency  "  of  United  States 
patents  would  be  sadly  impaired.  Turning  back,  for  instance,  to 
Fig.  2,  we  may  see  that  the  location  bhbb  has  end-lines  obliquely 
crossing  the  apex.  Thousands  of  mining  claims  have  this  form  ;  and 
the  extra-lateral  right,  bounded  by  bb',  bb' ,  has  been  maintained  in 
innumerable  instances.  To  demand  that  this  right  shall  follow  the 
true  dip  would  make  the  definition  of  the  right  difficult,  in  many 
cases,  in  the  early  stages  of  exploration.  It  might  not  be  impracti- 
cable to  require  that  the  course  of  a  lode  should  be  horizontally  de- 
termined, and  that  end-lines  of  locations  should  be  drawn  at  right 
angles  to  this  course,  though  there  would  be  endless  trouble  from 
local  variations  in  dip  and  strike.  But  the  present  question  is 
whether  the  statute  does  make  such  a  requirement.  Judging  from 
universal  practice  under  it,  it  does  not.  Miners  have  a  special 
reason  for  drawing  oblique  end-lines.     The  valuable  ore  in  our  gold 
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and  silver  lotles  jj^'ncrally  occni-s  in  shoots  or  ohininovs,  which  pitch 
obliquely  in  the  loile ;  anil  a  skilful  prospector  endeavors  to  make 
his  location  so  that  he  will  have  the  right  to  follow  not  merely  the 
lode,  but  the  pay-shoot  in  the  lode,  beyond  his  side-lines.  To  over- 
rule this  practice  would  be  a  policy  both  novel  and  questionable. 

Returning  to  Fig.  3,  then,  we  see  that  either  construction  of  the 
law  as  applied  to  the  ease  of  A  involves  great  difficulty.  A  case 
involving  this  principle  is  now  on  trial  in  Dakota  before  Judge 
Church. 

The  location  of  B,  in  this  diagram,  presents  even  greater  per- 
plexity. For  the  lode  passes  under  the  side-lines  of  B  at  mm;  and 
according  to  the  Flagstatf  decision,  he  cannot  claim  the  boundaries 
6;i,  6/1.  Either  (1)  in  the  words  of  that  decision,  "  the  side-lines  of 
his  location  are  really  the  end-lines  of  his  claim  " — in  which  case  his 
extra-lateral  boundaries  are  bb',  bb'  (to  the  consternation  of  D !)  ;  or 
(2)  the  true  end-lines  of  his  claim  ate  to  be  drawn  through  m  m, 
parallel  to  the  end-lines  of  his  survey — which  would  give  the  boun- 
daries mp,  mp ;  or  (3)  the  new  end-lines  are  to  be  drawn  on  the 
true  dip,  in  which  case  we  have  mq,  mq.  In  the  first  case  the 
triangular  space  qmb'  is  left  unap[)ropriated  and  without  an  apex, 
unless  the  claim  of  A  takes  part  of  it;  and  E  will  have  the  tri- 
angle inclosed  between  eh  and  ci.  In  the  second  case,  the  claim  of 
E  is  practically  reduced  to  the  triangle  muo ;  and  in  the  third 
case,  E  will  have  the  triangle  inclosed  between  mq  and  ei'  continued 
till  they  intersect — subject,  in  both  cases,  to  the  possible  superior 
claims  of  A.  And  in  all  cases,  E  will,  at  some  depth,  come  into 
his  full  right  to  the  distance  ql  along  the  lode.  It  may  even  be  that 
E,  at  a  dejith  below  the  lines  mp,  gJc,  or  cl  and  af  (produced  to  cross 
his  ground),  that  is  to  say,  below  the  ground  covered  by  the  claims 
of  either  or  all  of  A,  B,  and  C,  may  rightfully  own  the  length  kk  of 
the  lode.  For,  it  will  be  noted,  the  lode  does  not  leave  his  location 
at  m  and  c;  his  location  is  simply  overlapped  by  B  and  C;  and 
where  their  subterranean  rights  end,  it  is  conceivable  that  his  may 
begin  again. 

The  same  is  true  of  the  location  of  C.  If  the  extra-lateral  rights 
of  A  are  bounded  by  af,  af,  then  C  is  confined  to  the  triangular 
space  gycg' ;  but  below  the  lower  line  af,  he  might  recover  his  full 
right  to  the  distance  ii  on  the  lode  (that  is,  if  it  were  not  for  the  prior 
claim  of  B,  which,  however,  at  a  greater  depth,  would  likewise  get 
out  of  his  way).  This  distance  ii,  by  the  way,  covers  a  length  upon 
the  lode  greater  than  that  of  C's  surface  claim. 
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This  discussion  might  he  indefinitely  prolonged  by  introducing 
into  the  ])roblem  such  irregularities  of  the  vein-formation  as  peri)lex 
experts,  lawyers,  judges,  and  juries  in  nearly  all  mining  suits.  But 
it  is  sufficient  to  show  M'hat  difficulties  beset  cases  which  might  be 
considered  exceptionally  simple. 

A  further  complication  of  the  end-line  question  remains,  however, 
to  be  considered.  The  act  of  1872  makes  no  explicit  distinction,  as 
to  the  extra-lateral  right,  between  the  lode  first  discovered  and  used 
as  a  basis  for  the  location  and  other  lodes  cropping  or  topping  in  the 
same  location.  It  seems  to  have  imagined  that  these  lodes  would 
all  be  parallel  to  the  first  discovered,  and  that  the  same  end-lines 
would  do  for  them  all,  Tiiis  is,  indeed,  the  view  taken  by  Judge 
Elbert  in  Paterson  v.  JlitcJicock  (Bull  of  the  Woods — American 
case,  3  Colorado,  5.33)  from  the  abstract  of  whose  decision  in  Car- 
penter's Mining  Code  (3d  ed.,  p.  61)  I  quote  the  following  extract: 

"Under  this  act  [1866]  the  riglit  to  snrface-gromid  was  clearly  dependent  upon 
the  right  to  the  lode  located.  It  failing,  all  incidents  tliereto  attacliing  would  neces- 
sarily fail.  Although  the  act  of  1872  enlarges  the  rights  of  tiie  locator  by  a  grant 
of  all  the  veins,  lodes,  and  ledges  the  top  or  apex  of  whicii  lies  within  his  surface- 
lines,  we  are  still  of  the  opinion  that  his  right  to  the  surface-ground  continues  de- 
pendent upon  his  right  to  tlie  principal  lode,  and  tliat  his  riglit  to  other  lodes  witliin 
his  surface-limits  is  equally  dependent.  This  enlargement  of  the  rights  of  the  locator 
was  doubtless  intended  to  stimulate  his  enterprise  by  increasing  his  reward  ;  but  the 
controlling  reason  was  to  prevent  the  controversies  whicli  were  constantly  arising 
respecting  veins  or  lodes  connected  or  associated  with  the  lode  claimed.  These  con- 
troversies abstracted  from  the  full  and  proper  enjoyment  of  the  principal  lode 
granted,  and  the  design  was  to  settle  and  prevent  them.  In  this,  and  in  the  case  of 
surface-ground,  it  was  intended  to  grant  that  which  was  associated  with  the  prin- 
cipal lode  by  proximity,  within  prescribed  limits.  When  this  association  ceases  in 
the  case  of  surface-ground,  the  reason  for  grunting  it  ceases.  A  mineral  vein  or 
lode,  is  a  leading  term  in  both  acts.  There  must  be  a  lode  discovered  and  appro- 
priated by  compliance  witli  the  requisites  of  location. 

"This  is  the  prominent  and  pronounced  subject  of  the  grant.  This  is  what  the 
miner  has  discovered,  and  claimed  by  right  of  discovery.  The  security  of  his  title 
thereto,  was  the  practical  necessity  witli  which  the  act  dealt;  all  else,  we  think, 
incident  thereto:  under  the  act  of  1866,  the  riglit  to  the  surface-ground  ;  under  the 
act  of  1872,  both  the  right  to  the  surface-ground  and  the  right  to  other  veins,  lodes, 
and  ledges.  The  principal  lode  constitutes  the  measure  of  the  miner's  right  to  the 
surface-ground,  as  the  surface-ground,  when  thus  determined,  in  turn  constitutes  the  mea- 
sure of  his  right  to  other  veins,  lodes,  and  ledges,  subject  to  the  express  limitations  of 
the  law.  It  follows,  therefore,  that  if  the  lode  located  terminates  at  any  point  within 
the  location,  or  departs  at  any  point  from  the  side-lines,  that  the  location  beyond 
8uch  point,  and  to  that  extent,  is  defeasible,  if  not  void." 

I  have  italicized  the  most  important  clause  in  this  opinion.  The 
main  point  aimed  at  by  the  court  is  the  "side-line  question"  (sub- 
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scquently  settled  in  the  Flag-^taflT  case);  but  incidentally  the  appli- 
Ciition  o^'tlie  end-lines  to  the  "other  lodes"  is  defined. 

Fig.  4  illustrates  the  effect  of  this  ruling.  Upon  the  lode  LL, 
di}>ping  as  shown  by  the  arrow,  the  location  abed  has  been  ])roperly 
made.  It  covers  the  apex  througlunit,  and  the  end-lines  are  at  right 
angles  to  the  true  as  well  as  the  ajiparent  course  of  the  lode.  There 
can  be  no  doubt,  theretbre,  that  the  locator  owns  this  lode  beyond 
the  side-line  cd,  between  the  boundaries  dc  and  of.  A  second  lode, 
V,  not  discovereil  at  the  time  of  location,  crosses  the  lode  L,  with 


\p 


the  dip  shown  by  the  arrow.  What  are  the  rights  of  the  locator  of 
L  upon  this  lode  V?  According  to  Judge  Elbert's  ruling,  the  lines 
eh  and  fy,  projections  of  the  vertical  planes  through  the  end-lines  of 
the  li  location  represent  the  boundaries  of  the  extra-lateral  right  on 
V.  That  is  to  say,  the  locator,  whose  surface  includes  only  the 
length  bn  of  this  vein,  will  own  the  length  ik  upon  it  at  all  depths 
— even  though  a  subsequent  locator  should  have  made  the  location 
trgu  upon  "V  as  his  main  lode.  Nay,  we  may  even  assume  that  the 
existence  of  V  was  not  known  until  it  was  discovered  and  located 
in  trsu,  and  that  thereupon  the  prior  locator  of  L,  finding  that  the 
new  vein  ran  through  his  ground,  stretched  out  his  end-lines  after 
it.  If  the  above  ruling  is  correct,  the  locator  of  L  would  get  V  as 
far  as  k.     And  this  seems  to  be  the  best  construction  of  the  law. 
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For  if  it  should  be  held  that  the  locator  could  own  only  so  much  of 
V  as  his  surface  contains  of  its  apex,  then  mn,  lo  would  be  his 
boundaries,  and  we  should  have  two  entirely  distinct  sets  of  bounda- 
ries under  one  location.  I  forbear  to  discuss  the  aggravations 
which  would  be  effected  by  the  further  discovery  of  the  lodes  \y  and 
X,  each  of  which  crosses  one  of  the  L  end-lines. 

If,  on  the  other  hand,  the  vein  V  had  been  the  one  located  and 
L  had  afterwards  been  discovered  within  the  claim,  then  mn,  lo  (or, 
on  another  theory,  ma,  Id)  would  be  the  boundaries  of  the  V-claim 
underground,  and  mp,  viq,  those  of  the  L-claim.  That  is  to  say,  this 
would  be  the  case  according  to  one  solution  of  the  problem  consid- 
ered in  connection  with  B's  claim,  Fig.  3.  \Yhoever  is  fond  of  per- 
mutations and  combinations  may  find  amusement  in  combining  the 
conditions  of  Figs.  3  and  4  indefinitely.  I  will  suggest  but  one 
further  example: 

In  Fig.  3,  let  us  suppose  that  other  locations  are  made  beyond  A, 
from  g  to  ui,  etc.,  following  the  curve  caused  by  the  ravine  in  the 
outcrop.  The  decision  as  to  the  rights  of  such  locations  is  not  easy, 
however  their  end-lines  be  drawn.  It  is  now  pending  in  the  United 
States  Supreme  Court  in  the  case  of  the  Iron  Silver  Mining  Com- 
pany V.  the  Elgin  Mining  Company  (Stone — Gilt  Edge  case).  The 
court  in  Colorado  has  decided  that  claims  located  on  the  sides  of 
such  a  bend,  following  as  they  do  more  nearly  the  dip  than  the 
strike  of  the  lode,  get  no  extra-lateral  rights  at  all.  The  Supreme 
Court,  if  it  overrules  this,  will  have  to  decide  what  are  the  rights  of 
such  locators — and  this  will  settle  the  problem  of  A,  Fig.  3. 

There  are  many  other  sources  of  doubt  and  difficulty  in  the  United 
States  mining  law.  Even  the  four  topics  of  the  lode,  the  apex,  the 
downward  course,  and  the  end-lines  have  not  been  exhausted  in  the 
present  paper.  But  I  trust  enough  has  been  said  to  show  that  the 
law  of  the  apex  is  no  great  improvement  on  the  old  law  of  the  dis- 
coverer, and  that  the  law  of  the  surface-owner — or  the  so-called 
"square  location,"  if  it  could  only  be  made  acceptable  to  our  mining 
districts,  would  deliver  the  industry  from  much  trouble  and  expense. 
Failing  that,  we  must  simply  look  to  the  courts  for  a  gradual  settle- 
ment, though  it  be  arbitrary  and  questionable  per  se,  of  the  embar- 
rassing questions  that  surround  the  subject.  Any  decision  would 
be  better  than  the  present  confusion. 

It  remains  only  to  mention  a  very  important  decision,  rendered 
June  18th,  1883,  by  which  the  meaning  of  the  terms  "known  lode/' 
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in  section  2333  of  the  Revised  Statutes,  has  been  determined.  The 
case  was  that  of  The  Iron  Silrcr  Jlining  Comj)ani/  v.  Sitl/ivan  et  al. 
The  section  referred  to  (ah-eady  quoted  in  this  pnjier)  provides  for 
the  reservation  from  any  |>lacer-patent  of  a  known  lode  within  the 
plaeer-survey  :  but  dec-hires  that  "  when  the  existence  of  a  vein  or 
K>de  is  not  known,  a  patent  for  the  })Iaccr-claim  shall  convey  all 
valuable  mineral  and  other  deposits  within  the  boundaries  thereof" 
It  must  also  be  remembered  that  section  2329  includes  under 
*'  placers,"  all  forms  of  deposit  excepting  veins  of  quartz  or  other 
rock  in  place. 

In  the  ease  referred  to,  the  jilaintiff  brought  suit  against  parties 
working  lode-claims  upon  its  patented  placer-ground.  A  clause  in 
the  placer-patent  excepts  from  the  grant  thereof  all  lodes  known  to 
exist  within  the  claim  at  the  date  of  the  application.  The  defend- 
ants claimed  that  their  lode  was  so  known  to  exist,  by  reason  of 
developments  made  in  neighboring  claims  ;  but  it  was  conceded  that 
no  location  had  been  made  upon  it,  within  the  placer-claim,  before 
the  application  for  placer-patent. 

Upon  these  pleadings.  Judge  McCrary  held,  in  the  United  States 
Court  at  Denver,  that  the  terms  "  known  to  exist,"  and  equivalent 
phrases  in  section  2333,  mean  a  claim  duly  located  or  recorded  and 
owned  by  a  third  party  before  the  placer-claimant  applied  to  the 
government  for  a  patent.  The  mere  existence  of  a  lode  by  geolog- 
ical inference,  or  by  general  rumor  and  belief,  will  not  suffice.  It 
must  be  actually  known  by  discovery,  and  legal  proceedings  (at  least 
to  the  extent  of  record)  based  thereon. 

This  decision  is  said  to  have  been  appealed  to  the  Supreme  Court. 
It  is  difficult  to  see  how  it  can  be  set  aside.  If  sustained,  it  opens 
a  curious  suggestion  to  miners.  Under  it,  it  will  be  only  necessary 
for  a  prospector  who  has  discovered  ore  in  an  unoccupied  locality, 
to  avoid  carefully  such  developments  as  would  demonstrate  the 
existence  of  a  lode  in  place,  and  to  make  prompt  application  for  a 
placer-patent;  after  which  application  he  may  proceed  to  find  as 
many  lodes  as  he  can :  they  will  all  belong  to  him,  and  he  will  have 
IGO  acres,  instead  of  about  20,  as  his  maximum  surface  area,  and  will 
pay  S2.50,  instead  of  $5,  per  acre.  Extra-lateral  rights  he  will 
have  none ;  but  in  view  of  the  large  area  granted,  he  can  affijrd  to 
go  without  them.  It  appears,  therefore,  that  even  under  the  present 
law,  valid  "square  locations"  can  be  made, covering  lodes;  and  that 
they  will  be  of  greater  size   than  would  probably  be  granted  by  an 
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explicit  and  intentional  "square  location"  law.  This  is  only  one 
more  instance  of  the  way  in  which  our  present  statutes  may  operate 
to  bring  about  results  not  contemplated  by  Congress;  and  it  consti- 
tutes an  additional  reason  for  the  authoritative  construction  of 
the  law  by  the  Supreme  Court,  or  its  radical  reconstruction  at  the 
hands  of  Congress. 


b 


PROCEEDOGS 


ANNUAL  MEETING  IN  CINCINNATI. 


FEBRUARY,  ISSJ^. 


ANNUAL  MEETING  IN  CINCINNATI. 


COMMITTEES. 


Local  Committee  of  Arrangements. 
L.  E.  Warner,  Chairman  ;  J.  B.  Porter,  Secretary. 

Committee  of  Organization. 
L.  E.  Warner,  Matthew  Addy,  and  Colonel  L.  M.  Dayton. 

General  Committee. 

Mayor  Thomas  J.  Stephens,  Julins  Dexter,  W.  S.  Groesbeck,  John  Carlisle,  D. 
J.  Fallis,  W.  J.  Breed,  II.  Miilhanser,  George  Moerlein,  William  P.  Anderson, 
Thomas  G.  Smitli,  Jacob  Traber,  General  H.  M.  Cist,  Captain  A.  Q.  Eoss,  Alex- 
ander McDonald,  Aaron  F.  Perry,  Judge  Patrick  Mallon,  E.  F.  Noyes,  George 
Ward  Nicliols,  A.  D.  Bullock,  11.  Dulime,  E.  S.Wayne,  John  Mitchell,  R.  Dykens, 
Albert  J  Redway,  H.  P.  Lloyd,  Matthew  Addy,  Colonel  L.  M.  Dayton,  John  Scott, 
E.  F.  Fuller,  J.  H.  Stewart,  M.  E.  Ingalls,  W.  W.  Peabody,  W.  B.  Shattnc.  W.  L. 
O'Brien,  E.  P.  Wilson,  H.  J.  Page,  C.  C.  Cobb,  H.  H.  Tatem,  John  Egan,  Brent 
Arnold,  J.  E.  Rose,  A.  Griggs,  D.  Edwards,  W.  J.  M.  Gordon,  Edwin  Stevens,  W. 
L.  Robinson,  B.  E.  Hopkins,  C.  W.  Withenbury,  H.  Jenny,  A.  B.  Merriam,  H. 
DeBus,  Armor  Smith,  Jr.,  C.  O.  Lockard,  Colonel  W.  E.  Merrill,  E.  L.  Harper,  A. 
G.  Moore,  Alexander  Hill,  W.  H.  Taft,  Percy  Procter,  W.  J.  Lampton,  Rev.  D. 
W.  Rhodes,  W.  H.  Miller,  G.  P.  Wilshire,  W.  L.  Davis,  C.  L.  Mudge,  William  H. 
H.  Laws,  Oliver  Kinsey,  W.  A.  Rogers,  Archer  Brown,  F.  W.  Handy,  C.  W. 
Merrill,  Frank  Beresford,  Dr.  John  Wiggins,  H.  J.  Groesbeck,  Telford  Groesbeck, 
Harvey  Tilden,  Colonel  A.  L.  Anderson,  G.  Bouscaren,  H.  J.  Stanley,  A.  G.  Weth- 
erby,  Frederick  G.  Roelker,  Dr.  A.  A.  Springer,  Dr.  W.  L.  Dudley,  W^  A.  CoUord, 
L.  M.  Hosea,  M.  D.  Burke,  L.  S.  Cotton,  D.  L.  James,  R.  M.  Byrnes,  A.  C.  Nash, 
George  W.  Rapp,  Charles  Crapsey,  James  W.  McLaughlin,  Peter  G.  Thomson, 
James  F.  .Shumate,  Samuel  Stevenson,  J.  H.  Garrison,  Charles  Kebler,  Dr.  PVed- 
erick  Roeder,  Ell  ot  A.  Kebler,  P.  G.  March,  P.  B.  Warner,  Professor  J.  B.  Peaslee, 
Professor  Thonia.s  Vickers,  Professor  H.  T.  Eddy,  Professor  Thomas  French,  Jr., 
Professor  T.  H.  Norton,  Profes.sor  E.  W.  Hyde,  Captain  .1.  A.  Robinson,  Florence 
Marmet,  S.  F.  Dana,  S.  P.  Kineon,  T.  B.  Collier,  P.  R.  Budd,  William  Galway,  T. 
H.  .\ldrich,  W.  F.  Aldrich,  Colonel  C.  Cadle,  Jr.,  Charles  L.  Rogei-s,  A.  Pluemer, 
Nelson  W.  Perry,  J.  B.  Porter,  C.  B.  Going,  L.  E.  Warner. 

The  General  Committee  was  divided  into  sub-committees  of  Local 
Arrangements,   Reception,   Ohio   Mechanics'   Institute,   Cincinnati 
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University,  Society  of  Natural  History,  Cincinnati  Chapter  of 
Architects,  Order  of  Cincinnatus,  Finance,  and  Transportation. 

The  opening  session  was  held  in  Greenwood  Hall,  by  invitation 
of  the  Ohio  Mechanics'  Institute. 

Mr.  L.  E.  Warner,  Chairraan  of  the  Local  Committee,  introduced 
Mr.  John  D.  Banks,  who  appeared  as  the  representative  of  Mayor 
Stephens,  and  extended  to  the  Institute,  on  behalf  of  the  city  au- 
thorities, a  cordial  welcome,  despite  the  unfavorable  circumstances 
which  might  interfere  with  the  entertainment  Cincinnati  would  have 
been  glad  to  offer.  Mr.  Banks's  earnest  remarics  were  received  with 
applause. 

Professor  H.  T.  Eddy,  who  occupies  the  chair  of  mathematics 
and  civil  engineering  in  the  University  of  Cincinnati,  followed  with 
a  special  and  fraternal  welcome  from  that  institution,  together  with 
the  Ohio  Mechanics'  Institute,  the  Society  of  Natural  History,  the 
Cincinnati  Chapter  of  Architects,  the  Order  of  Cincinnatus,  and  the 
educational  institutions  of  the  city  generally,  the  sympathy  of  which 
with  the  purposes  of  the  Institute,  and  their  pleasure  at  its  pres- 
ence among  them,  he  gracefully  expressed. 

Ex-Governor  J.  D.  Cox  then  addressed  the  Institute  in  the  name 
of  the  citizens  of  Cincinnati  at  large,  eloquently  describing  the  ad- 
vantages which  all  classes  must  derive  from  such  pursuits  as  those 
of  the  members  before  hira,  and  congratulating  them  upon  the  great 
power  for  good  which  they  had  acquired,  by  calling  to  their  aid 
the  principle  of  associated  effort. 

President  Hunt  replied  for  the  Institute,  paying  a  warm  tribute 
to  the  greatness  of  Cincinnati,  especially  in  such  times  of  trouble 
and  anxiety  as  the  existing  flood  of  the  Ohio  had  produced. 

A  paper  was  then  read  by  Arthur  V.  Abbott,  of  New  York  city, 
on  Improvements  in  Methods  of  Physical  Tests. 

The  President  appointed  Messrs.  David  Williams,  S.  T.  Wellraan, 
and  J,  F.  Lewis,  scrutineers,  to  examine  the  ballots  for  officers  of 
the  Institute,  and  report  at  a  subsequent  session. 

At  the  second  session  on  Wednesday  morning  in  Greenwood  Hall, 
the  Secretary  read  the  following  papers: 

Sulphur  Determinations  in  Steel,  by  Magnus  Trollius,  of  Nicetown, 
Philadelphia. 

Tables  for  Facilitating  the  Heat  Calculations  of  Furnace  Gases 
containing  CO,,  CO,  CH^,  H  and  N,  by  Magnus  Trollius,  of  Nice- 
town,  Philadelphia. 
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Further  Determinations  of  Manganese  in  Spiegel,  by  G.  C.  Stone, 
of  Newark,  X.  J.,  and 

The  Apatite  Deposits  of  Canada,  by  Dr.  T.  Sterry  Hunt,  of  Mon- 
treal, Canada. 

A  Preliminary  Announcement  of  a  Xew  Mineral,  was  then  read 
by  N.  "W.  Perry,  of  Cincinnati,  and  discussed. 

Mr.  Perry  also  exhibited  a  curious  piece  of  insect-weaving  which 
he  hael  brought  from  Mexico. 

The  Secretary  then  read  a  Xote  Concerning  Certain  Incrustations 
on  Pig  Iron,  by  Kenneth  Robertson,  of  Jersey  City,  N.  J.,  and 
Frank  Firmstone,  of  Easton,  Pa. 

The  next  paper  was  on  the  United  States  Test  Commission  Bill, 
bv  Dr.  T,  Egleston,  of  Xew  York  city;  after  which  the  Secretary 
read  a  Xote  on  the  Determination  of  Phosphorus  in  Iron,  by  Frank 
Julian,  of  Iron  Mountain,  Mich.,  and  a  Xote  on  Tamping  Drill 
Holes  with  Plaster  of  Paris,  by  Frank  Firmstone,  of  Easton,  Pa. 

The  President,  before  adjournment,  read  an  invitation  from  Mrs. 
Longworth  to  the  members  of  the  Institute  to  visit  the  potteries 
and  their  warerooms. 

The  third  session  was  held  at  Greenwood  Hall  on  Wednesday 
afternoon.     The  following  papers  were  read  and  discussed. 

A  Grade  of  Pig  Iron  made  from  Carbonate  Ore,  by  Edward 
Gridley,  of  Wassaic,  X.  Y.     (Read  by  the  Secretary.) 

Improvements  in  Coal  Washing  Machinery,  Elevators,  and  Con- 
veyers, by  S.  Stutz,  of  Pittsburgh,  Pa.  (Read  by  the  Secretary, 
and  the  diagrams  explained  by  the  author.) 

Xotes  on  Lithia  in  Fire-clay,  and  on  An  Excess  of  Phosphorus  in 
Pig  Iron,  by  Professor  X.  W.  Lord,  of  the  Ohio  State  University, 
Columbus,  O. 

The  Beneficiary  Fund  of  the  Lehigh  Coal  and  Xavigation  Com- 
pany, by  Joseph  S.  Harris,  of  Philadelphia.  (Read  by  the  Secre- 
tary, and  followed  by  discussion,  during  which  the  Secretary  read  a 
communication  on  this  subject  from  F.  Z.  Schellenberg,  Irwin  Sta- 
tion, Pa.) 

The  use  of  natural  gas  at  the  Edgar  Thomson  Steel  Works  was 
described  by  W.  R.  Jones,  of  Pittsburgh. 

The  President  read  an  invitation  from  the  Young  Men's  Christian 
A8.«ociation  of  Cincinnati  to  the  members  and  their  friends  to  visit 
the  rooms  of  the  Association  during  the  meeting. 
VOL.  XII. — 29 
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The  final  session  was  held  on  Thursday  morning  in  the  small  hall 
of  the  Ohio  Mechanics'  Institute,  when  tlie  following  papers  were 
read  : 

When  was  Coke  Pig  Iron  first  made  at  Coalbrookdale?  by  J.  D. 
Weeks,  of  Pittsburgh. 

Remarks  on  Torsion,  by  Dr.  Alfred  Springer,  of  Cincinnati. 

The  Fusion  and  Plating  of  Iridium,  by  Professor  W.  L.  Dudley, 
of  Cincinnati. 

Analyses  and  Tests  of  Steel,  by  P.  G.  Salora,  of  Thurlow,  Pa. 
After  some  remarks  in  discussion,  on  motion,  of  Dr.  T.  Egleston, 
seconded  by  Mr.  William  Kent,  the  further  discussion  of  this  paper 
was  postponed  until  the  next  meeting,  to  be  then  made  the  special 
order  for  one  of  the  sessions. 

On  motion  of  Dr.  Egleston,  seconded  by  Mr.  E.  C.  Pechin,  it 
was  voted  that  a  committee  be  appointed  by  the  President  to  con- 
sider and  report  upon  the  conditions  of  uniformity  in  physical  tests, 
particularly  as  to  the  uniform  dimensions  of  test-pieces. 

President  Hunt  said  this  committee  would  be  appointed  and  an- 
nounced by  the  incoming  President.* 

At  this  session  was  read  a  communication  from  the  Secretary  of 
the  Chamber  of  Commerce  of  Cincinnati  extending  the  freedom  of 
the  floor  of  the  chamber  to  the  members  of  the  Institute  during 
their  stay  in  the  city  ;  also  an  invitation  from  the  Art  Union  to  visit 
the  Cincinnati  Art  Museum. 

The  following  papers  were  read  by  title : 

A  Silver  Amalgamation  Mill,  by  W.  H.  H.  Bowers,  of  New  York 
city. 

A  Process  for  Making  Iron  Direct  from  the  Ore,  by  Willard  P. 
Ward,  of  New  York  city. 

The  Pyrites  of  Louisa  County,  Va.,  by  W.  H.  Adams,  of  New 
York  city. 

The  Crooked  Fork  Coal-field  of  Morgan  County,  Tenn.,  by  Henry 
E.  Colton,  of  Nashville,  Tenn. 

The  Stratigraphical  Order  of  the  Lower  Coal  ISIeasures  of  Ohio, 
by  Professor  Edward  Orton,  of  Columbus,  Ohio. 

The  Distribution  of  High-Pressure  Steam  in  Cities,  by  William 
P.  Shinn,  of  New  York  city. 

*  President  Bayles  ha«  since  appointed  the  following  committee:  Prof.  Thos. 
Egleston,  Chairman,  and  Messrs.  T.  C.  Clarke,  A.  P.  Boiler,  E.  D.  Leavitt,  Jr.,  and 
A.  F.  Hill. 
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The  Quemahoniiior  Coal-field  of  Somerset  County,  Pa.,  by  Dr.  J. 
P.  Kimball.  Lehigh  University,  Bethlehem,  Pa. 

Certain  Silver  and  Iron  Mines  in  the  States  of  Coahnila  and 
Xuevo  Leon,  Mexico,  by  Dr.  Persifor  Frazer,  of  Philadelphia. 

Notes  on  some  Iron  Ore  Deposits  of  Pitkin  County,  Colorado,  by 
"\V.  B.  Devereux,  of  Aspen,  Col. 

The  Iron  Ores  of  Alabama,  Georgia,  and  Tennessee,  by  Pro- 
fessor J.  B.  Porter,  Cincinnati,  O. 

Biographical  Notice  of  C.  W.  Siemens,  by  George  AV.  Maynard, 
of  New  York  city. 

The  Secretarv  read  the  following: 


Eeport  of  the  Council. 

In  accordance  with  the  rules,  the  Council  makes  the  following 
report  to  the  Institute : 

The  financial  statement  of  the  Secretary  and  Treasurer,  duly  au- 
dited, shows  receipts  for  the  year  from  all  sources  of  $17,598.25, 
and  expenditures  of  813,886.29,  leaving  a  surplus  for  the  year  of 
$3711.96. 

Since  the  balance  of  the  last  annual  statement  was  $5028.52,  and 
$4961  have  been  invested  during  the  year  in  United  States  bonds, 
the  actual  surplus  of  receipts  over  expenditures  for  the  year,  is 
$3044.44. 

The  detailed  statement  is  as  follows: 


Statemait  of  the  Secretary  and  Treasurer,  of  Receipts  and  Disburse- 
ments from  February  1st,  1883,  to  January  Slst,  1884. 

Dr. 

Balance  at  la^t  statement,        ....    $5,028  52 
Received  for  dues  from  members  and  associates,     ]  0,666  00 

"        for  life-memberships, 

"        from  sale  of  publications, 

"        for  binding  Transactions,  and  Index, 

"        for  authors'  pamphlets,     . 

"        for  electrotypes,        .... 
Interest  on  United  States  bonds, 

Interest  on  deposits, 

$17,598  25 


500  00 

659 

75 

431 

55 

128 

60 

27 

55 

184  50 

71 

88 
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Cr. 

Paid  for  printing  vol.  xi.  Transactions,    ,         .     $1,397  77 

"       binding  vol.  xi.  Transactions,     .         .  456  00 

"       printing  pamphlet  editions  of  papers,  933  40 

''             "         author's  editions  of  papers, .  210  05 

"             "         list  of  members,  ...  37  50 

"             "         mailing  list,         ...  60  00 

"             "         circulars,  etc.,      ...  100  25 

"       binding  exchanges,    ....  35  00 

"       engraving  and  lithographing,    .         .  924  75 

"       electrotyping, 62  70 

"       postage, 572  60 

"       freight,  expressage,  duty,  etc.,   .         .  52  62 

"       stationery  (post-paid)  (letter-press),  .  39  30 

"       telegrams, .         .         .         .         .         .  22  34 

"       insurance, ......  36  14 

"      rent  of  office, 120  00 

".      storage  of  Transactions,      .         .         ,  37  50 

Secretary's  salary,    ......  2,625  00 

Secretary's  assistant's  salary,   ....  1,000  00 

Expenses  of  Secretary  and  assistant  at  meetings,  202  37 

44l0  United  States  4^}  per  cent,  bonds,    .         .  4,961  00 


$13,886  29 


Excess  of  receipts  over  expenditures,     .        .  $3,711  96 

The  eleventh  volume  of  Transactions  has  been  issued,  and  is  now 
in  process  of  distribution.  The  Index  to  vols.  i.  to  x.,  inclusive,  is 
still  in  the  printer's  hands,  and  will  be  issued  and  distributed  at  an 
early  day. 

Three  meetings  have  been  held  during  the  year  :  the  annual  meet- 
ing of  1883  in  Boston,  a  summer  meeting  at  Roanoke,  Va.,  and  an 
autumn  meeting  at  Troy,  N.  Y.  Professionally  as  well  as  socially 
tiiese  meetings  were  highly  successful,  and  the  Institute  is  to  be  con- 
gratulated upon  the  evidences  of  increasing  prosperity  which  both 
its  meetings  and  its  Transactions  furnish. 

There  were  elected  at  the  three  meetings  mentioned,  135  members 
and  36  associates.  During  the  year  17  members  have  resigned  and 
26  have  been  dropped  from  the  rolls  for  non-payment  of  dues. 

The  list  of  deaths  comprises  2  honorary  members,  C.  William 
Siemens  and  L.  Gruner,  and  10  members,  J.  B.  Brinsmade,  J.  B. 
Converse,  R.  T.  J.  De  Peiger,  John  Griffen,  James  F.  Hall,  Francis 
A.  Lowe,  William  Manthey,  James  Park,  Jr.,  Raymundo  de  Santa 
Maria,  Charles  Schuchard. 

The  membership  of  the  Institute  now  com{)rises  3  honorary  mem- 
bers, 50  foreign  members,  1134  members,  and  154  associates,  a  total 
of  1341. 
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The  Council  received  with  regret,  at  the  close  of  the  year  1883, 
the  resignation  of  the  Secretary  of  the  Institute,  Dr.  T.  M.  Drown, 
who  was  forced  by  the  pressure  of  private  atTairs  to  retire  from  this 
position  after  yeare  of  fliithful  and  skiliul  service.  As  a  testimony 
of  the  esteem  and  gratitude  of  the  Institute,  but  not  less  in  recog- 
nition of  the  professional  eminence  of  Dr.  Drown,  and  of  the  great 
benefit  which  his  labors  have  conferred  upon  a  most  important  de- 
partment of  metallurgy,  viz.,  the  development  of  rapid,  convenient 
and  accurate  metluxls  of  chemical  analysis;  and  in  recognition  also 
of  the  important  part  which  Dr.  Drown  has  taken  in  extending 
among  American  works  the  practical  application  of  chemical  tests 
and  methods,  the  Council  recommends  that  Dr.  Drown  be  elected 
an  honorary  member  of  the  Institute.  The  proposal  of  his  name 
for  such  election  has  been  signed  by  15  members,  in  accordance  with 
the  rules,  but  the  Council  does  not  doubt  that  each  and  every  mem- 
ber of  the  Institute  would  have  been  equally  willing  to  sign  such  a 
proposal. 


Dr.  T.  M.  Drown  was  thereupon  balloted  for  as  an  honorary 
member  of  the  Institute,  and  was  unanimously  elected.  The  an- 
nouncement was  received  with  enthusiastic  applause. 

The  following  gentlemen,  proposed  for  election  as  members  and 
associates  and  recommended  by  the  Council,  were  elected : 

MEMBERS. 

Robert  H  Aiken Bntte  City.  Montana. 

J.  X.  Barr, Milwaukee,  Wis. 

Carl  Barns, New  Haven,  Conn. 

Francis  H.  Blake Silver  King,  Arizona. 

W.  H.  H.  Bowers, New  York  City. 

Jerome  L.  Beyer,    ......  Colnmbia,  Pa. 

John  C.  Branner, Scranton,  Pa. 

Cabell  Breckenridge,       .....  Covington,  Ky. 

Walter  Lee  Brown,  .....  Chicago,  111. 

John  Parke  Channing, New  York  City. 

W.  D.  Church,         ......  Topeka,  Kansas. 

Thomas  Crowe, Sonth  Chicago,  Ills. 

Louis  M.  Davis,       ......  Ciudad  Bolivar,  Venezuela. 

Altjert  de  Deken, Braddock,  Pa. 

W.  L.  Dudley,         ......  Cincinnati,  O. 

Frank  C.  Earle,       ......  Tombstone,  Arizona. 

Pxlward  H.  Eamshaw,    .....  Riverton,  N.  J. 

Henry  S.  Eckert, Reading,  Pa. 
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Isaac  Eckert,  . 
F.  A.  Emmerton,    . 
Charles  W.  Eoff,      . 
E.  J.  Frechville,      . 
William  Frechville, 
Homer  T.  Fuller,    . 
Sampson  W.  George, 
Alexander  Gordon, 
Charles  Weed  Gray, 
O.  D.  Harris,  . 
Ottakar  Hofraann,  . 
Ferdinand  H<nvald, 
John  T.  Jeter, 
William  M.  Kaufman, 
Eliot  A.  Kebler,      . 
Waldeman  Lindgren, 
Jawood  Lukens, 
Henry  Martin, 
J.  R.  Maxwell, 
H.  N.  Pierce, . 
Robert  E.  Plumb,   . 
C.  S.  Rea, 

Charles  E.  Ronaldson, 
E.  H.  Russell, 
William  Saint, 
Morris  Sellers, 
Richard  C.  Shaw,    . 
Oberlin  Smith, 
Alfred  Springer, 
Victor  O.  Strobel,    . 
Theodore  Tonnele, . 
T.  B.  Walker, 
Philip  Wallis, 
Albert  G.  Wetherby, 
N.  B.  Wittman, 
W.  H.  Woodward,  . 


Topton,  Pa. 
Joliet,  111. 
Wheeling,  W.  Va. 
Truro,  Cornwall,  England. 
Hoover  Hill,  N.  C. 
Worcester,  Mass. 
Chester,  N.  J. 
Hamilton,  O. 
Johnstown,  Pa. 
Ste.  Genevieve,  Mo. 
San  Francisco,  Cal. 
Caperton,  W.  Va. 
Wilkesbarre,  Pa. 
Reading,  Pa. 
Newport,  Ky. 
Newport,  R.  I. 
East  Conshohocken,  Pa. 
Rosita,  Col. 
Cincinnati,  O. 
Chaffee,  Col. 
Detroit,  Mich. 
Columbus,  O. 
Philadelphia. 
Park  City,  Utah. 
Forth,  South  Wales. 
Chicago,  111. 
Tombstone,  Arizona. 
Bridgeton,  N.  J. 
Cincinnati,  O. 
Pittsburgh,  Pa. 
McKeesport,  Pa. 
Ashland,  Ky. 
Aurora,  111. 
Cincinnati,  O. 
Pittsburgh,  Pa. 
Wheeling,  W.  Va. 


ASSOCIATES. 


G.  T.  Barus,    . 

Frank  Beresford, 
John  Crerar,  Jr., 
L.  M.  Dayton, 
Frank  Enos,    . 
Henry  A.  Keith, 
John  Francis  LeBaron, 
Maurice  J.  Lunn,    . 


Philadelphia. 
Cincinnati,  O. 
Chicago,  111. 
Cincinnati,  O. 
Brooklyn,  N.  Y. 
Chicago,  111. 
Jacksonville,  Florida. 
Pittsburgh,  Pa. 


The  status  of  the  following  associates  was  changed  to  member- 
ship: Floyd  Davis,  Leon  P.  Fenstman,  and  Arthur  Thacher. 
The  following  resolutions  were  adopted  amid  general  applause: 
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ijf'so/ivif.  That  the  heartfelt  thanks  of  the  American  Institute  of  MiiiinE;  Engineers 
are  tendereil  to  the  Cincinnati  Kailway  Chib,  tlic  Ohio  Mechanics'  Institute,  the 
Ciucinnati  Art  Museum,  the  Society  of  Natural  History,  the  Cincinnati  Chapter  of 
Architects,  the  University  of  Cincinnati,  the  Cincinnati,  New  Orleans  and  Texas 
Riilway.  the  Cincinnati  Chamber  of  Commerce,  the  Order  of  Cincinnatus,  the  Cin- 
cinnati Young  Men's  Christian  Association,  the  General  Committee  of  citizens,  and 
the  various  sub-committees;  to  Mrs.  Longworth,  ISIrs.  George  Ward  Nichols,  and 
Mrs.  T.  H.  Aldrich ;  to  the  enthusiastic  and  indomitable  local  committee  of  our  own 
members,  and  to  the  citizens  of  Cincinnati  generally  and  the  Cincinnati  ladies  par- 
ticularly, for  the  cordial  hospitality  which  they  have  extended  to  tiie  Institute 
under  circumstances  of  so  much  difliculty  and  inconvenience,  and  for  the  admirable 
energy  and  skill  with  whicii,  in  spite  of  every  obstacle,  arrangements  have  been  car- 
ried out,  rendering  this  meeting  deligiitful  and  memorable. 

Mesolved,  That  besides  and  beyond  the  professional  and  social  interest  which  would 
at  any  time  characterize  a  visit  to  this  great  and  beautiful  city,  the  members  of  the 
Institute  especially  prize  the  opportunity  which  has  been  afforded  them,  of  witness- 
ing the  noble  example  of  heroic  courage,  cheerfulness,  hope,  patience,  and  gener- 
osity in  the  presence  of  widespread  calamity,  exhibited  by  Ciniiinnati. 

The  Scrutineers  appointed  at  the  first  session  of  the  meeting" 
presented  their  report,  through  Mr.  David  Williams,  chairman,  de- 
claring the  following  persons  elected  officers  of  the  Institute : 

PRESIDENT. 
James  C.  Bayles, New  York  City. 

VICE-PEESIDENTS. 
(To  serve  until  February,  1886.) 

EcKLEY  B.  CoxE Drifton,  Pa, 

Thomas  Eglestox, New  Y'ork  City. 

Edmcxd  C.  Pechin, Cleveland,  O. 

MANAGERS. 
(To  serve  until  February,  1887.) 

Edgar  S.  Cook, Pottstown,  Pa. 

Frank  Firmstose, Easton,  Pa. 

G.  W.  Maynard, New  York  City. 

TREASURER. 
Theodore  D.  Raxd Philadelphia. 

SECRETARY. 
Rossiter  W.  Eaymond, New  York  City. 

Mr.  R.  W.  Hunt,  the  retiring  President  of  the  Institute,  before 
declaring  the  meeting  adjourned,  spoke  warm  words  of  farewell  to 
the  members  of  the  Institute,  thanking  them  for  their  forbearance 
and  hearty  co-operation,  which  had  made  his  term  of  office  one  of 
the  pleasantest  years  of  his  life.     He  then  extended  a  cordial  greet- 
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ing  to  his  successor,  with  many  kind  wishes  for  a  like  happy  admin- 
istration. 

On  Thursday  evening  the  members  and  ladies  accompanying  them 
were  charmingly  entertained  by  Mr.  and  Mrs.  T.  H.  Aldrich  at  a 
reception  at  their  house  at  Mt.  Auburn,  at  which  many  citizens  of 
Cincinnati  were  present. 

On  Friday  morning  a  party  of  members  and  friends  was  taken 
by  special  train,  provided  by  the  courtesy  of  the  Cincinnati,  New 
Orleans  and  Texas  Railway  Company,  to  High  Bridge,  Kentucky. 
After  inspecting  the  bridge  and  enjoying  the  scenery,  the  party  was 
served  with  lunch  in  the  open  air  and  returned  to  Cincinnati  in 
time  to  attend,  as  guests  of  the  Local  Committee,  one  of  the  pei*- 
formances  of  the  Grand  Opera  Festival  in  Music  Hall. 

The  following  members  and  associates  made  their  presence  at  the 
meeting  known  to  the  Secretary  : 


A.  V.  Abbott. 
T.  H.  Aldrich. 
C.  M.  Atkins,  Jr. 
W.  S.  Ayres. 
•James  C.  Bayles. 
T.  Beresford. 
W.  F.  Biddle. 
G.  Billing. 
Cabell  Breckenridge. 
P.  H.  Brown. 
S.  M.  Buck. 
M.  C.  Bullock. 
M.  D.  Burke. 
C.  Constable. 
F.  P.  Davis. 
Floyd  Davis. 
L.  M.  Dayton. 
Hunter  Eckert. 
Thomas  Egleston. 
S.  F.  Emmons. 
J.  W.  Farquhar. 
J.  C.  Ferris. 

E.  Forsyth. 
C.  B.  Going. 
Alexander  Gordon. 

F.  W.  Gordon. 

E.  C.  Hegeler. 

F.  A.  Hill. 

J.  F.  Holloway. 
H.  A.  Hunicke. 
K.  W.  Hunt. 


W.  K.  Jones. 

E.  A.  Kebler. 

William  Kent. 

Charles  Kirchhoff,  Jr. 

J.  S.  Lane. 

J.  F.  Lewis. 

William  Lilly. 

Maurice  J.  Lunn. 

P.  N.  Moore. 

W.  B.  Page. 

I.  P.  Pardee. 

E.  C.  Pechin. 

N.  W.  Perry. 

J.  C.  Piatt,  Jr. 

A.  Pluemer. 

E.  E.  Plumb. 

J.  B.  Porter. 

W.  B.  Potter. 

E.  W.  Eayraond. 

Pedro  G.  Salom. 

H.  S.  Smith. 

Alfred  Springer. 

S.  Stutz. 

C.  O.  Thompson. 

L.  E.  Warner. 

J.  D.  Weeks. 

S.  T.  Wellnian. 

A.  G.  Wethersby. 

S.  Wliinery. 

David  Williams. 

J.  P.  Witherow. 
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THE  APATITE  DEPOSITS  OF  CANADA. 

BY  T.   STKKUY   HUNT,   LL.D.,   F.R.S.,    MONTREAIi,   CANADA. 

The  presence  of  apatite  in  the  Laiirentian  rocks  of  North  America 
has  long  been  known  to  mineralogists,  and  within  a  few  years  so 
much  interest  has  been  excited  by  the  economic  importance  of  de- 
posits of  this  mineral  found  in  certain  parts  of  Canada,  that  a  brief 
history  of  our  knowledge  of  these  deposits  may  not  be  unacceptable 
to  the  members  of  the  American  Institute  of  jSIining  Engineers.  It 
was  in  1847  that  the  present  writer  was  shown  by  a  local  collector  of 
minerals  some  large  crystals,  which  had  been  called  beryl,  found  in 
North  Burgess,  in  Ontario.  These  were  at  once  recognized  as  apa- 
tite; and  after  a  visit  to  the  locality,  this  was  described  in  the  re- 
port of  the  geological  survey  of  Canada  for  that  year  as  likely  to 
furnish  an  abundant  supply  of  a  valuable  fertilizer;  the  opinion 
being  then  expressed  that  the  fact  of  **  the  existence  of  such  deposits 
as  these  will  prove  of  great  importance." 

Specimens  of  apatite  from  this  locality,  collected  by  the  writer, 
were  shown  among  the  economic  minerals  of  Canada  at  the  great 
exhibitions  of  London  and  Paris  in  1851  and  1855,  and  the  mineral 
had  already  been  found  by  explorers  at  several  other  points  in  the 
same  region  previous  to  1863.  In  the  Geology  of  Canada^  pub- 
lished in  that  year,  the  writer  resumed  the  results  of  his  further 
studies  of  these  deposits,  and  described  the  apatite  as  occurring  in 
the  Laurentian  rocks,  both  distributed  in  crystals  through  carbonate 
of  lime,  and  in  "  irregular  beds  running  with  the  stratification  and 
composed  of  nearly  pure  crystalline  phosphate  of  lime."  This  was 
further  said  to  occur  in  North  Burgess,  in  several  parallel  "  beds 
interstratified  with  the  gneiss."* 

In  a  subsequent  report  of  the  geological  survey,  in  1866,  I  again 
noticed  the  occurrence  of  the  apatite  in  beds  in  the  pyroxenic  rocks 
often  found  associated  with  the  gneiss.  It  was  said,  "the  presence 
of  apatite  seemed  characteristic  of  the  interstratified  pyroxenic  rocks 

*  Loc.  cit.,  pp.  592,  761. 
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of  this  section,  in  which  it  was  very  frequently  found  in  sniall 
grains  and  masses,  alike  in  the  granular  and  the  micaceous  schistose 
varieties."  In  these  rocks,  the  apatite  was  said  to  mark  the  stratifi- 
cation, and  to  form,  in  one  example,  a  bed,  in  some  parts  two  feet 
thick,  which  was  traced  250  feet  along  the  strike  of  the  pyroxenic 
rock.  I  at  the  same  time  described  the  occurrence  of  apatite,  often 
with  calcite,  in  "true  vein-stones,  cutting  the  bedded  rocks  of  the 
country  ;"  alike  gneiss,  pyroxenite,  and  crystalline  limestone.  These 
latter  deposits  were  farther  spoken  of  as  well-defined  veins,  travers- 
ing vertically,  and  nearly  at  riglit  angles,  the  various  rocks  ;  as 
often  banded  in  structure,  and  including  besides  apatite  both  calcite 
and  mica,  occasionally  with  pyroxene,  and  more  rarely  with  horn- 
blende, wollasLonite,  zircon,  quartz,  and  orthoclase.  These  veins  were 
said  to  be  very  irregular,  often  changing  rapidly  in  their  course 
from  a  width  of  several  feet  to  narrow  fissures.  It  was  added, 
"it  is  evident  that  this  district  can  be  made  to  supply  considerable 
quantities  of  apatite;"  and  while  the  uncertainties  arising  from  the 
irregularities  of  the  veins  were  mentioned,  it  was  said,  tiiat  "some 
of  the  deposits  might  probably  be  mined  with  profit."* 

Before  following  farther  this  history,  it  may  be  stated  that  there 
are  two  districts  in  Canada  which  have,  within  the  past  few  years? 
been  found  to  contain  deposits  of  apatite  of  economic  im})ortance; 
one  in  the  province  of  Ontario,  in  which  the  above  observations  were 
made  by  the  writer  previous  to  18G6,  including  parts  of  the  counties 
of  Lanark,  Leeds,  and  Frontenac;  and  the  other,  since  made  known, 
in  the  province  of  Quebec,  chiefly  in  Ottawa  county.  In  both  cases 
it  is  found  in  the  rocks  of  the  Laurentian  series,  consisting  of  grani- 
toid gneisses  with  bands  of  quartzite,  of  pyroxenite,  and  of  crystal- 
line limestone.  These  ancient  and  highly  inclined  strata,  with  a 
northeast  strike,  rise  from  beneath  the  horizontal  paleozoic  rocks 
near  Kingston,  and  again  pass  beneath  them  near  Perth.  These 
overlying  strata,  belonging  to  the  Ottawa  basin,  hide,  moreover,  to 
the  eastward,  the  apatite-bearing  gneisses  of  this  district ;  which, 
a  short  distance  to  the  westward,  are  again  concealed  by  the  Taconian 
and  other  overlying  pre-Cambrian  groups  in  Hastings  county.  The 
gneissic  belt  is  here  seen  chiefly  in  the  townships  of  Loughborough, 
Storrington,  Bedford,  North  and  South  Crosby,  and  in  North  Bur- 
gess, where  the  apatite  was  first  discovered. 

The  country  presents  a  succession  of  small,  isolated,  rounded, 
rocky  hills,  alternating  with  numerous  small  lake-basins,  hollowed 

*  Loc.  cit.,  pp.  204,  224,  229. 
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out  of  the  gneiss,  and  sometimes  out  of  the  interstratified  limestones  ; 
the  irenenil  trend  both  of  tlie  hills  and  the  lakes  beintr  coincident 
uith  the  strike  of  the  rocks.  These,  thougii  concealed  in  the  val- 
leys by  considerable  depths  of  alluvial  soil,  are  seen  in  the  hills  to 
be  hard  and  nndecayed.  These  geographical  features,  as  I  have 
elsewhere  pointed  out,  were  apparently  determiued  by  sub-aerial 
decay  previous  to  the  erosion  which  removed  from  them  the  softened 
and  disintegrated  portions,  leaving  the  present  outlines.* 

^Vhen,  after  cuttincj  the  forest- o-rowth  which  covers  these  hills  of 
granitoid  gneiss,  fire  is  allowed  to  pass  over  the  surface,  destroying 
the  undergrowth,  the  comparatively  thin  layer  of  soil  is  laid  bare, 
and  is  soon  washed  away  by  the  rains;  leaving  the  bald,  rocky  strata 
exposed  in  a  manner  singularly  favorable  for  geological  study,  but 
rendering  the  region  sterile.  To  prevent  this  process  of  denudation 
it  has  become  the  practice  in  some  parts  of  the  country,  after  burn- 
ing over  the  hillsides,  to  sow  them,  without  loss  of  time,  with  grass- 
seeil,  which,  at  once  taking  root,  protects  the  soil  from  the  destruc- 
tive action  of  rains,  and  transforms  it  into  good  pasture-land.  This 
system,  which  has  been  adopted  to  a  considerable  extent  in  parts  of 
Frontenac  county,  Ontario,  is  worthy  of  record  and  of  imitation  in 
other  regions. 

The  similar  apatite-bearing  gneisses,  which  are  found  to  the  north 
of  the  river  Ottawa,  a  little  northeast  of  the  city  of  that  name,  are 
in  Ottawa  county,  Quebec,  and  chiefly  in  the  townships  of  Buck- 
ingham, Templeton,  and  Portland.  They  reproduce  all  the  charac- 
teristics of  the  first-mentioned  district,  and  may  be  looked  upon  as 
a  prolongation  of  it  beneath  the  northwestern  limb  of  the  paleozoic 
basin  already  mentioned.  Later  observations,  both  in  Ontario  and 
in  this  latter  district,  where  mining  operations  have  been  carried 
on  within  the  past  few  years,  have  been  recorded  by  Messrs.  Broome 
and  Vennor,  and  by  Dr.  Harrington, — the  latter  up  to  1878.  They 
have,  however,  added  little  to  our  knowledge  of  the  conditions  of 
occurrence  of  the  mineral  beyond  what  had  already  been  set  forth 
in  1863  and  1866. 

I  have,  within  the  past  few  months,  examined  with  some  detail 
many  of  the  apatite-workings  in  Ontario,  which  have  served  to  con- 
firm the  early  observations,  and  to  give  additional  importance  to  the 
fact,  already  insisted  upon  in  previous  descriptions,  that  the  deposits 
of  apatite  are  in  part  bedded  or  interstratified  in  the  pyroxenic  rock 

*  See  the  author's  paper  on  "  Kock  Decay  Geologically  Considered." — Amer. 
Jour.  Sciences,  Sept.,  1883. 
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of  the  region,  and  in  part  are  true  veins  of  posterior  origin.  The  gneissic 
rocks,  with  their  interstratified  qiiartzose  and  pyroxenic  layers,  and 
an  included  band  of  crystalline  limestone,  have  a  general  northeast 
and  southwest  strike,  and  are  much  folded  ;  exhibiting  pretty  sym- 
metrical anticlinals  and  synclinals,  in  which  the  strata  are  seen  to 
dip  at  various  angles,  sometimes  as  low  as  25°  or  30°,  but  more 
often  approaching  the  vertical.  The  bedded  deposits  of  apatite, 
which  are  found  running  and  dipping  with  these,  I  am  disposed  to 
look  upon  as  true  beds,  deposited  at  the  same  time  with  the  in- 
closing rocks.  The  veins,  on  the  contrary,  cut  across  all  these  strata, 
and,  in  some  noticeable  instances,  include  broken  angular  masses  of 
the  inclosing  rocks.  They  are,  for  the  most  part,  nearly  at  right 
angles  to  the  strike  of  the  strata,  and  generally  vertical,  though  to 
both  of  these  conditions  there  are  exceptions.  One  vein,  which  had 
yielded  many  hundred  tons  of  apatite,  I  found  to  intersect,  in 
a  nearly  horizontal  attitude,  vertical  strata  of  gneiss;  and  in  rare 
cases  what  appear,  from  their  structure  and  composition,  to  be  veins, 
are  found  coinciding  in  dip  and  in  strike  with  the  inclosing  strata. 

The  distinction  between  the  beds  and  the  veins  of  apatite  is  one 
of  considerable  practical  importance, — first,  as  related  to  the  quality 
of  the  mineral  contained,  and  second,  as  to  the  continuity  of  the 
deposits.  The  apatite  of  the  interbedded  deposits  is  generally  com- 
pactly crystalline,  and  free  from  admixtures,  although  in  some 
cases  including  pyrites,  and  more  rarely  magnetic  iron-ore,  with 
which  it  may  form  interstratified  layers.  Many  will  recall  in  this 
connection  the  bands  of  magnetite,  with  an  admixture  of  granular 
apatite,  found  interstratified  in  parts  of  the  great  magnetic  ore-de- 
posit known  as  the  Port  Henry  mine,  near  Lake  Champlain,  in  Essex 
county,  New  York ;  where,  in  certain  layers  formerly  mined,  the 
apatite  made  up  about  one-half  the  bulk.  I  have  seen  an  example 
of  a  similar  association  of  magnetite  and  apatite  from  Frontenac 
county,  Ontario.  The  latter  mineral  is,  however,  for  the  most  part 
found  included  in  the  beds  of  pyroxene  rock,  already  mentioned, 
which  is  generally  pale  green  or  grayish  green  in  color,  sometimes  con- 
taining quartz  and  orthoclase,  and  distinctly  gneissoid  in  structure. 

The  veins  present  more  complex  conditions  ;  while  they  are  often 
filled  throughout  their  width  by  apatite  as  pure  and  as  massive  as 
that  found  in  the  beds,  it  happens  not  un frequently  that  portions  of 
such  veins  consist  of  coarsely  crystalline,  sparry  calcite,  generally 
reddish  in  tint,  holding  more  or  less  apatite  in  large  or  small  crys- 
tals, generally  with  rounded  angles,  and  often  accompanied  by  crys- 
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tals  of  mica,  and  sometimes  of  pyroxene  and  other  minerals.  Oc- 
casionally these  mixtures,  in  which  the  carbonate  of  lime  generally 
predominates,  will  occupy  the  whole  breadth  of  the  vein.  These 
lime-veins,  as  they  are  called  by  the  miners,  sometimes  include  cavi- 
ties from  which  the  carbonate  appears  to  have  been  dissolved  by 
infiltrating  waters,  leaving  free  the  inclosed  crystals  of  apatite.  In 
some  eases,  however,  these  veins  present  cavities  which  have  ap- 
parently never  been  filled  with  solid  matter,  and  exhibit  drusy 
surlhces,  with  quartz,  and  more  rarely  with  barytine  and  zeolites. 
These  ailcareous  veins  often  carry  so  much  carbonate  of  lime  as  to 
be  valueless  for  commercial  purposes,  unless  some  cheap  means  for 
separating  the  apatite  can  be  devised.  It  may  be  said,  in  general 
terms,  that  while  some  of  these  true  veins,  throughout  portions  or 
the  whole  of  their  breadth,  yield  good  and  pure  apatite,  others  are 
of  comparatively  little  value.  The  bedded  masses,  on  the  contrary, 
are  free  from  carbonate  of  lime,  and  although  they  may  occasionally 
contain  small  quantities  of  mica,  pyroxene,  hornblende,  or  pyrites, 
these  are  seldom  present  to  an  injurious  extent. 

The  question  of  the  continuity  of  these  deposits  of  both  classes  is 
an  important  one.  Veins  filling  fissures  that  have  been  formed  in 
rocks  are  sometimes  continuous  for  great  lengths  and  to  great  depths, 
but  experience  shows  that  their  extent  varies  very  much  for  different 
regions  and  for  different  rocks.  Inclined  beds,  which  were  once 
horizontal  sheets,  inclosed  in  strata  that  have  since  been  folded, 
should  be  as  persistent  in  depth  as  they  are  in  length  ;  and  when 
traced  in  the  outcrop  for  many  hundreds  of  feet,  may  be  expected, 
under  ordinary  circumstances,  to  continue  downwards  as  far,  unless 
a  turn  of  the  inclosing  strata  brings  them  up  again  to  the  surface. 
The  inclosed  beds  of  apatite  in  the  regions  already  noticed  are  often 
traced  for  500  to  1000  feet  and  more,  and  there  is  reason  to  believe 
that  they  are  continuous  for  long  distances.  The  workings  upon 
them  have,  however,  as  yet  been  very  superficial,  generally  from 
twenty  to  forty  feet,  and  rarely  exceeding  100  feet.  The  deepest 
mine,  which  is  in  Ottaw^a  county,  is  now  about  200  feet. 

The  ordinary  thickness  of  the  bedded  masses  of  apatite  may  be 
said  to  vary  from  one  to  three  and  four  feet,  though  not  unfrequently 
expanding  to  eight  and  ten  feet,  and  even  more,  and  sometimes  con- 
tracting to  a  few  inches ;  the  same  layer  being  subject  to  considerable 
variations.  In  some  cases  the  apatite  in  a  bed  is  found  to  thicken 
and  then  to  diminish,  or  to  be  divided  by  the  interposition  of  the 
accompanying  pyroxenic  rock.    The  condition  of  the  apatite  in  these 
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cases  recalls  the  thickening  and  thinning  sometimes  observed  in  a 
layer  of  coal  among  disturbed  strata,  where,  as  the  result  of  great 
pressure  attending  the  movements  of  the  harder  inclosing  rocks,  it 
is  alternately  attenuated  and  swollen  in  volume ;  in  which  case  a 
thinning  in  one  part  is  necessarily  compensated  for  by  a  thickening 
of  the  parts  adjacent. 

The  thickness  of  the  veins  also,  as  above  stated,  is  very  variable, 
and  the  same  vein  in  a  distance  of  a  few  hundred  feet  will  some- 
times diminish  from  eight  or  ten  feet  to  a  few  inches.  We  have 
already  noticed  the  variable  nature  of  the  contents  of  these  veins, 
which  are  sometimes  filled  with  solid  and  pure  apatite,  and  at  other 
times  present  bands  or  layers  of  this  mineral,  with  others  chiefly  of  cal- 
cite,  of  pyroxene  crystals,  or  of  a  magnesian  mica,  occasionally  mined 
for  commercial  purposes.  While  these  veins  have  yielded  in  many 
cases  considerable  amounts  of  apatite,  they  have  not  the  persistency 
of  the  beds.  Their  study  presents  many  interesting  facts  in  para- 
genesis,  which  I  have  described  in  detail  in  the  report  of  the  geolo- 
gical survey  for  1866,  already  quoted,  and  more  briefly  in  my  Chemi- 
cal and  Geological  Essays  (pp.  208-213). 

It  is  worthy  of  remark,  that  some  of  the  first  attempts  at  mining 
apatite  in  Canada  were  upon  these  veins,  and  that  their  irregularities 
contributed  not  a  little  to  the  discouragement  which  followed  the 
early  trials.  The  larger  part  of  the  productive  workings  are  upon 
the  bedded  deposits.  These,  however,  as  already  noticed,  are  for  the 
most  part  opened  only  by  shallow  pits  ;  a  condition  of  things  which 
is  explained  by  the  peculiar  character  and  the  frequency  of  the  de- 
posits, and  also  by  the  economic  value  of  the  apatite.  This  mineral, 
unlike  most  ordinary  ores,  is,  in  its  crude  state,  a  merchantable  article 
of  considerable  value,  and  finds  a  ready  sale  at  all  times,  even  in 
small  lots  of  five  or  ten  tons.  Like  wheat,  it  can  be  converted  into 
ready  money,  at  a  price  which  generally  gives  a  large  return  for  the 
labor  expended  in  its  extraction.  Hence  it  is  that  farmers  and 
other  persons,  often  with  little  or  no  knowledge  of  mining,  have,  in 
a  great  number  of  places  throughout  the  district  described,  opened 
pits  and  trenches  for  the  purpose  of  extracting  apatite,  and  at  first 
with  very  satisfactory  results.  So  soon,  however,  as  the  openings 
arc  carried  to  depths  at  which  the  process  becomes  somewhat  diffi- 
cult from  the  want  of  a})pliances  for  hoisting  the  materials  mined, 
or  from  the  inflow  of  surface-waters,  which  in  wet  seasons  fill  the 
open  cuts,  the  workings  are  abandoned  for  fresh  outcrops,  never  far 
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off.  In  this  way  a  lot  of  100  acres  will  sometimes  sliow  five,  ten 
or  more  pits,  often  on  as  many  beds,  from  twelve  to  twenty  feet  deep  ; 
eaeh  of  wliieh  may  luiveyieUied  one  or  more  linndred  tons  of  apatite, 
and  has  been  abandoned  in  tnrn,  not  from  any  faihire  in  tiie  snpi)ly, 
bnt  beeanse  the  mineral  eonld  be  got  with  less  tronble  and  cost  at  a 
new  opening  on  the  snrtace  near  by. 

These  conditions  are  scarcely  changed  when  miners,  withont  ci\\n- 
tal  ami  nnprovided  with  maciiinery  for  hoisting  or  for  pnmping, 
are  engaged,  as  has  often  been  the  case,  to  extract  the  mineral  at  a 
fixeil  price  jier  ton.  These,  having  no  interest  in  the  fntin-e  of  the 
mine,  will  work  where  they  can  get  the  material  with  the  least  ex- 
|)enditnre  of  time  and  labor,  and  often  will  qnit  the  opening  for 
some  one  which  is  more  advantageous.  The  very  abundance  and 
the  value  of  the  mineral  mined  has  thus  led  to  its  careless,  wasteful, 
and  unskilful  exploitation.  It  is  the  working  of  these  causes,  in  the 
way  just  explained,  which  has  thrown  undeserved  discredit  on  this 
mining-industry,  and,  more  even  than  the  injudicious  schemes  of 
speculators  and  stock-jobbers,  has  retarded  its  legitimate  growth. 

It  is  evident  that  the  proper  development  of  these  deposits  will 
require  regular  and  scientific  mining  in  place  of  the  crude  plan  of 
open  pits  and  trenches,  which,  from  causes  already  explained,  has 
hitherto,  with  few  exceptions,  been  followed.  As  a  basis  for  calcu- 
lation in  mining,  it  becomes  necessary  to  establish  some  data  as  to 
the  production  and  tlie  value  of  the  apatite-layers  which  we  have 
described.  The  specific  gravity  of  the  mineral,  as  deduced  from  many 
specimens  of  massive  Canadian  apatite,  is  from  3.14  to  3.24.  If  we 
assume  3.20,  this  will  give  for  the  weight  of  a  cubic  foot  of  apatite 
almost  exactly  200  pounds.  A  fathom  of  ground,  carrying  a  bed 
or  vein  of  apatite  one  foot  in  thickness,  will  thus  contain  thirty-six 
cubic  feet,  or  7200  pounds  of  apatite  ;  equal  to  a  little  over  three 
and  one-fifth  tons  of  2240  pounds  each.  Allowing  the  fractional 
portion,  equal  to  nearly  seven  per  cent.,  for  loss  in  mining  (it  will 
be  noted  that  coarse  and  finely-broken  apatite  are  equally  merchant- 
able), we  shall  have  as  the  net  product  of  a  layer  of  apatite  for  a 
fathom  of  ground  mined,  three  gross  tons  for  each  foot  in  thickness. 

The  apatite  of  these  deposits  is  generally  greenish  in  color,  often 
clear  sea-green,  but  more  rarely  reddish-brown  in  tint.  The  massive 
varieties  are  sometimes  coarsely  crystalline  and  cleavable,  but  some- 
times finely  granular.     The  veins  often  yield  crystals  of  large  size. 

The  mineral  is  essentially  a  fluor-apatite,  containing  not  over  two 
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or  three  thousandths  of  chlorine,  and  in  its  purest  state  about  92.0 
percent,  of  tricalcic-phosphate.  Tiie  analysis  of  a  selected  specimen 
gave  me  91.2  percent,  of  phosphate,  but  it  is  generally  mingled  with 
small  portions  of  foreign  matters,  chiefly  insoluble  silicates.  The 
analyses  of  seven  specimens  from  different  Canadian  mines,  published 
by  Mr,  C.  G.  Hoffman  in  1878,  showed  from  85.2  to  89.8  per  cent, 
of  phosphate. 

The  market-value  of  apatite,  which,  as  is  well  known,  is  chiefly 
consumed  for  the  production  of  soluble  phosphate  by  the  manufac- 
turers of  artificial  fertilizers,  varies  greatly,  other  things  being  equal, 
with  its  purity.  Thus,  while  at  present  the  price  in  England  is  Is. 
2d.  the  unit  for  apatite  giving  by  analysis  75  per  cent,  of  tricalcic 
phosphate,  tliere  is  paid  an  addition  of  one-fifth  of  a  penny  for  each 
unit  of  phosphate  above  that  percentage,  so  that  a  sample  yielding 
by  analysis  80  per  cent,  is  worth  Is.  Sd.  the  unit.  The  price  in  the 
English  market  is  subject  to  considerable  fluctuations,  having  within 
the  last  four  years  been  as  high  as  Is.  5ld.,  and  as  low  as  lid.  the 
unit  for  80  per  cent,  phosphate.  The  present  may  be  considered  as 
an  average  price. 

The  Canadian  apatite  shipped  to  England  lias  yielded  for  various 
lots  from  75  to  85  per  cent.,  80  per  cent,  being  the  average  from  the 
best-conducted  mines,  though  lots  from  mines  where  care  has  l)een 
used  in  the  dressing  and  selection  of  the  mineral  for  shipment  have 
yielded  84  and  85  per  cent.  Many  of  the  smaller  miners  to  which  we 
have  alluded,  selling  their  product  to  local  buvers,  take  little  pains 
in  dressing,  and  hence  their  product  is  apt  to  be  lower  in  grade.  It 
will  be  seen,  from  the  rule  adopted  by  foreign  purchasers,  tliat  there 
is  great  profit  in  a  careful  selection  and  dressing  of  the  mineral  for 
market.  The  basis  being  Is.  2d.  the  unit  for  75  per  cent.,  with  a 
rise  of  one-fifth  of  a  penny  for  each  unit,  it  follows  that  while  a  ton 
of  75  per  cent,  apatite  will  bring  only  87s.  6d.,  a  ton  of  80  per  cent, 
will  command  100s.,  and  one  of  85  per  cent.  113s.  4d. 

In  the  present  state  of  the  industry  it  is  not  easy  to  say  what 
would  be  the  cost  of  production.  At  the  outcrop  of  the  large  masses 
of  apatite,  and  in  the  open  cuts  and  quarries  already  described,  the 
cost  of  extraction  and  dressing  is  of  course  very  variable,  estimates 
in  different  deposits  giving  from  $2  to  $8  the  ton.  In  Ottawa 
county,  where,  within  the  last  foui'  years,  deposits  have  been  opened 
and  mined  on  a  better  system  than  heretofore,  the  figures  of  pro- 
duction and  cost  are  instructive.     According  to  the  report  of  its 
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manaiTor  in  July,  1S.S2,  the  High-Rock  mine,  in  Buckingham, 
yioldtHl,  in  1880,  2400  tons,  and  in  1881  2000  tons  of  ai)atite.  An 
atljoining  portion  of  huul  having  been  then  acquired,  the  produc- 
tion of  tliis  company's  mines  in  1882  and  1883  is  stated  at  5000 
tons  annually  ;  from  eighty  to  ninety  men  being  employed.  The 
cost  of  the  mineral  is  here  given  at  ^4  the  ton,  dressed,  at  the  mine ; 
in  addition  to  which  $3  is  paid  for  carriage  to  the  railroad  or  the 
river,  and  about  Si  additional  to  ^lontreal,  the  port  of  shipment. 
The  mines  in  the  Ontario  district  are  for  the  most  part  in  or  near  to 
the  waters  of  the  Rideau  Canal,  or  some  of  the  many  lakes  con- 
necteil  therewith,  from  which  the  freight  to  Montreal  is  $1.50  the 
ton.  I  am  informed  by  a  merchant,  who  is  a  purchaser  and  shipper 
of  apatite,  and  is  also  engaged  in  mining  it  both  in  Ontario  and 
Quebec,  that  the  average  cost  for  freight  from  jNIontreal  to  Eng- 
land, with  selling-charges,  is  20s.  the  ton  ;  which,  for  apatite  of 
80  per  cent.,  now  worth  lOO.s.  the  ton,  would  leave  80s.,  or  $19.36. 
Deducting  from  this  the  cost  of  production  and  of  transportation  to 
Montreal,  there  remains  a  large  profit. 

The  amount  of  apatite  shipped  from  Montreal  has  gradually  in- 
creased, and,  according  to  published  figures,  attained,  in  1883, 17,840 
tons,  of  which  it  is  to  be  remarked  that  1576  tons  were  delivered  in 
Hamburg,  and  650  in  Stockholm,  the  remainder  going  to  Liver- 
pool, London,  and  other  British  ports.  Of  this  about  15,000  tons 
were  from  Quebec,  and  the  remainder  from  Ontario.  It  should  be 
noticed  that  this  was,  with  small  exce[)tions,  mined  in  1882,  and 
brought  to  the  water-side  duringr  the  winter  season.  It  is  estimated 
that  the  siiipments  of  apatite  for  1884  will  equal  24,000  tons. 

The  methods  of  mining  hitherto  generally  pursued  in  the  apatite 
deposits  of  Canada,  allow  of  many  improvements  which  would  ma- 
terially reduce  the  average  cost  of  production,  and  give  a  perma- 
nency to  the  industry  which  the  present  modes  of  working  can  never 
attain.  The  regularity  and  persistence  of  the  bedded  deposits,  and  of 
some  of  the  veins,  warrants  the  introduction  of  systematic  mining  by 
sinking,  driving,  and  stoping,  with  the  aid  of  proper  machinery  for 
drilling,  as  well  as  for  hoisting  and  pumping.  The  careful  dressing 
and  selection  of  the  apatite  for  the  market  is  also  an  element  of  much 
ira|)ortance  in  the  exploitation  of  these  deposits.  The  cost  of  labor 
in  the  apatite-producing  districts  is  comparatively  low,  and  there  are 
great  numbers  of  beds  now  superficially  opened,  upon  which  regular 
mining  operations,  conducted  with  skill  and  a  judicious  expenditure 
of  capital,  should  prove  remunerative.     It  must  be  added,  that  the 
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areas  in  question  have  as  yet  been  very  partially  explored,  and  that 
much  reniains  to  be  discovered  within  them,  and  also  there  is  reason 
to  believe  in  outlying  districts  ;  so  tiiat  in  the  near  future  the  mining 
of  apatite  in  Canada  will,  it  is  believed,  become  a  very  important 
industry. 

THE  qUEMAHONING  COAL-FIELD  OF  S03IEESET  COUNTY, 
PENNS  YL  VANIA. 

BY   JAMES   P.    KIMBALL,    LEniGII    UNIVERSITY,    BETHLEHEM,    PA. 

Incidental  to  a  description  of  the  hydrographical  basin  of  the 
Quemahoning  in  Somerset  county.  Pa.,  as  a  coal-field,  I  have,  with- 
out a  personal  survey  of  the  whole  county,  taken  the  pains  to  col- 
late a  synopsisof  leading  facts,  so  far  as  available,  relating  to  its  coal 
resources.  This  is  here  presented,  in  view  of  an  interest  in  the  sub- 
ject, growing  out  of  a  nearly  central  traverse  of  the  county,  in  com- 
mon with  the  southern  tier  of  counties  of  the  State,  west  of  Blue 
mountain,  by  a  new  trunk  line  of  railway — the  South  Pennsylvania. 

The  political  east-and-vvest  boundaries  of  Somerset  county,  Pa., 
following  the  bold  topography  of  Allegheny  mountain  and  Laurel 
hill,  are  in  common  with  the  east-and-west  boundaries  of  the  First 
Bituminous  Coal-basin  formed  by  these  ridges  respectively,  except  the 
southeastern  townships  which  lie  on  the  eastern  slope  of  Allegheny 
mountain.  The  nearly  parallel  anticlinals  of  Negro  mountain  and 
the  so-called  Viaduct  axis  stratigraphically  divide  the  basin  into  three 
sub-basins,  which,  in  order  from  east  to  west,  are  known  as  follows, 
viz.  : 

I.  Berlin- Salisbury  [Eastern)  Sub-basin  :  Between  Allegheny 
mountain  and  Negro  mountain,  embracing  the  Berlin  section  of 
Barren  coal-measures,  the  Salisbury  section  of  Up{)er  Productive 
coal-measures,  and  the  Meyersdale  and  Garrett  sections  of  Lower 
Productive  coal-measures. 

II.  Somerset  [Middle)  Sub-basin:  Between  Negro  mountain  and 
the  Viaduct  axis,  so  called  from  the  viaduct  on  the  Conemaugh 
river,  which  there  crosses  it;  embracing  the  section  of  Lower  Pro- 
ductive measures  of  Mineral  Point  and  Cassclman  on  Castleman 
river,  and  of  Somerset. 

III.  Johnstown- Confluence  (Westn-n)  Sub-basin:  Between  the 
Viaduct  stratigraphical  sub-axis  (which  is  less  strongly  marked 
topograpically  in  Somerset  county  as  a  ridge  than  in  Cambria  county), 
and  the  Laurel  Hill  grand  axis.  The  synclinal  of  this  sub-basin 
is  crossed  by  the  Conemaugh  near  Johnstown,  and  by  the  Castleman 
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river  near  Confluence.  Hence  the  name.  This  sub-basin  embraces 
tlie  section  of  liOwer  Productive  measures  at  Listonville,  south  of 
the  Castleman,  and  of  IlariKHlsville  on  tliat  river  ;  of  Laurel  Ilill 
creek,  north  of  the  Castleman,  and  of  Quemahoniiio;  creek.* 

The  Berlin-Salisbury  sub-basin  expires  just  north  of  the  Cambria 
county  line  by  the  merging  of  Negro  mountain  with  Allegheny 
mountain. 

The  Somerset  sub-basin  is  a  southwestern  prolongation  of  the  so- 
called  Wilmore  sub-basin  of  Cambria  county. 

The  Johnstown-Confluence  sub-basin  of  Somerset  county  is  a  sim- 
ilar extension  of  the  Johnstown  basin  of  Cambria  county. 

The  Viaduct  sub-axis  rises  into  a  prominent  ridge  in  Cambria 
county  southwest  of  Ebensburg.  The  Conemaugh  aud  Stony  creek  in 
crossing  it  cut  it  down  to  the  base  of  the  blanch  Chunk  red  shale  (XI) 
toa  depth  of  some  600  feet.  TheQuemahoning  hasscored  itsomclOO 
feet  into  the  Pottsville  conglomerate  (XII)  to  a  depth  of  some  300  feet. 
The  Viaduct  axis  is  spanned  by  the  coal-measures,  the  section  of  which 
is  tijinner  or  thicker  as  it  rises  or  declines  on  the  uneven  back  of  the 
conglomerate.  Xear  Davidsville,  where  it  is  at  its  lowest  level, it  is 
spanned  by  as  much  as  100  feet  of  the  Lower  Barren  measures.  Thence 
it  rises  at  the  rateofabout35  feet  to  the  mile(|-°)southwestward  to  the 
Quemahoning  gap,  whence  it  declines  toward  the  Castleman,  again 
rising  south  of  that  river  at  the  rate  of  about  130  feet  to  the  mile. 
In  Somerset  county,  therefore,  tiie  same  as  in  Cambria  county,  where 
it  declines  in  the  opposite  direction  beyond  Ebensburg,  the  Viaduct 
sub-axis  scarcely  makes  itself  apjiarent  at  the  surface.  It  is  indi- 
cated, however,  sti'ongly  enough  in  its  several  water-gaps.  Its  topo- 
graphical features  are  those  commonly  exhibited  by  elevated  areas, 
overspread  with  a  thick  section  of  the  coal-measures  under  gentle 
dips,  namely,  a  fertile  uj)land  eroded  by  water-courses  and  streams. 
Such  is  the  surface  north  of  Castleman  river  in  both  the  Somerset 
and  Johnstown  sub-basins  of  Somerset  county.  The  local  term, 
glades,  is  aptly  applied  to  this  portion  of  the  county. f 

Tiie  divide  between  the  waters  of  the  Conemaugh  (Shade,  Stony, 
and  Quemahoning  creeks)  and  those  of  the  Castleman  (Coxe's, 
Middle  and  Laurel  Hill  creeks)  is  an  elevated  plateau  several  miles 
in  width  crossiny;  both  the  Somerset  and  Johnstown  sub-basins.  The 
location  of  the  South  Pennsylvania  Railroad  follows  this  central 
watershed. 

*  See  beside  the  two  plates  Iierewith  a  map  of  Somerset  county,  with  reference 
li.«(t  of  sections  and  mines,  Second  Geological  Survey  of  Pennsylvania,  HHH,  1879. 
t  See  Second  Geol.  Sun,  Pa.,  Chapter  VI.,  Keport  HUH,  105. 
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This  plateau  is  overspread  witli  the  Lower  Barren  coal-measures. 
The  springs  and  streams  which  flow  from  it  have  sculptured  it  into 
hill  and  dale,  along  the  slopes  of  whicli  limestones  and  thin  coal- 
seams  of  this  series  of  strata  indicate  their  presence  by  terraces  or 
benches.  As  the  water-courses  deepen  and  expand,  lower  coals  and 
limestones  are  cut  successively  on  the  hillsides  and  in  the  bottoms, 
down  to  the  base  of  the  Lower  Productive  measures,  including  the 
Freeport  and  Kittanning  groups  of  coals  and  limestones.  Edges  of 
these  are  found  near  the  surface  in  the  valleys  of  the  above-men- 
tioned lower  waters  of  the  Conemaugh  and  Castleman. 

The  central  plateau  rises  to  nearly  the  same  general  level  as  the 
Viaduct  sub-axis  as  well  as  that  of  Negro  mountain,  where  this  lat- 
eral summit  joins  these  longitudinal  ridges.  In  the  vicinity  of  this 
elevated  belt,  the  dips  of  the  coal-measures  are  the  regular  trans- 
verse N.W.-S.E,  dips  from  these  sub-axes,  slightly  modified  by  a 
few  minor  longitudinal  flexures  of  the  same  major  folds  of  the  palae- 
ozoic strata.  Whether  thus  departing  from  a  regular  dip  or  not, 
these  dips  are  so  low  as  to  become  sensible  only  within  a  consider- 
able compass,  except  where  further  modified  by  local  dips  of  the  na- 
ture of  rolls. 

Like  the  Viaduct  sub-axis,  that  of  Negro  mountain,  dividing  the 
eastern  and  middle  sub-basins,  is  obscurely  marked  topographically 
north  of  the  central  watershed  where  it  is  spanned  by  sections  of  the 
Lower  Productive  coal-measures,  through  which  at  intervals,  as  in  the 
latitude  of  Stoystown,  the  upper  sandstone  member  of  the  conglom- 
erate (XII.)  makes  its  appearance  at  the  summit.  North  of  the 
Castleman,  it  is  locally  known  as  the  Ridge,  its  lack  of  prominence 
being  due  to  the  general  elevation  of  the  surface — especially  in  the 
neighborhood  of  the  central  watershed.  South  of  the  latitude  of 
Berlin  where  the  Ridge  becomes  denuded  of  coal-measures,  it  as- 
sumes the  rugged  features  of  a  mountain. 

The  following  levels  of  points  on  the  line  of  the  South  Pennsyl- 
vania Railroad  will  serve  to  denote  the  elevation  of  the  central 
watershed : 

Boit's  Summit, 2380  feet. 

Keller's    "         (now  Fike), 2400  " 

Poorhouse, 2345  " 

Floor  of  Negro  Mountain  tunnel, 2435  " 

Maust's  Ravine, 2100  " 

Geisel's       " 2280  " 

Ream's        " 2200  " 

Weller's  Church, 2240  " 
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The  coal-niining  iiuln<try  of  Somerset  county  is  at  present  con- 
fineil  to  the  lew  sections  gl' the  oonnty  provided  with  such  notoriously 
limiteil  facilities  as  are  supplied  by  the  Baltimore  c^'  Ohio  Rail- 
road. The  principal  development  is  that  of  the  Pittsburij;h  seam 
(7  to  8  feet)  in  tiie  Salisbury  and  Meyersdale  coal-field  on  Castleman 
river.  The  area  of  this  lowermost  and  most:  important  member  of 
the  Upper  Productive  coal-measures,  which  in  the  deepest  part  of 
the  eastern  sub-basin  of  Somerset  county  lias  escaped  erosion,  is  a 
narrow  belt  between  Meyersdale  and  the  ^Nfaryland  line,  computed 
by  the  State  geological  surveyors  to  be  3615  acres  in  actual  area. 
The  whole  of  this  area,  however,  is  not  equally  available.  It 
steadily  narrows  and  becomes  broken  into  isolated  patches  as  it  ap- 
proaches Mason  ct  Dixon's  line,  which  it  does  not  cross. 

The  Berlin  coal-field  of  the  same  sub-basin,  next  in  the  order  of  de- 
velopment, is  chiefly  occupied  with  the  4- feet  Berlin  coal  seam  of  the 
Lower  Barren  coal-measures.  They  emerge  from  beneath  tlie  Up- 
per Productive  series  of  the  Salisbury  coal-field  in  the  vicinity  of 
Meyersdale,  forming  the  northern  margin  of  the  depressed  portion 
of  the  eastern  sub-basin  as  far  north  as  Berlin.  Here  the  several 
coal-seams  of  this  group  of  strata,  five  in  number,  assume,  by  way  of 
exception  to  their  general  characters,  workable  proportions.  Only 
two  of  them,  however,  namely,  the  Berlin  (upper)  and  the  Price 
beds,  have  thus  far  jn'oved  sufficiently  free  from  slaty  intercalations 
to  aflbrd  marketable  coal.  This  coal-field  is  about  six  miles  long, 
and  some  three  miles  wide. 

Since  the  survey  of  Somerset  county  by  the  present  State  Geological  Survey,  im- 
portance has  been  given  to  the  Price  coal-bed  of  the  Barren  measures  by  boiler  tests 
of  its  product  from  the  mines  of  the  Standard  Coal  Company  and  the  Philson  Iron 
&  Coal  Company,  as  reported  by  the  Quartermaster  General  of  the  United  States 
Army  (Fuel  for  the  Army,  Washington,  1882).  In  a  list  of  45,  comprising  a  large 
variety  of  coals,  reported  in  the  order  of  evaporative  efficiency,  the  first  and  second 
examples  are  from  these  two  mines  respectively.  Both  have  been  opened  some 
1200  yards  apart  since  the  close  of  the  field-work  of  the  survey  of  the  county,  the 
first-named  on  the  farm  of  Mr.  H.  N.  Coleman,  and  the  second  on  that  of  Mr.  S. 
Coleman. 

The  only  analysis  of  this  coal  I  find  available  is  one  by  Mr.  McCreath.  The 
sample  was  from  the  face  of  Mr.  S.  Price's  heading,  a  neighboring  mine,  which,  ac- 
cording to  the  Messrs.  Piatt,  exhibited  in  1876  the  following  section  (Report 
HHH,  28). 
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Bony  coal, 0'  2'^  ~t 

Coal ■.  y  0"  \ 

Slate,  knife-edge,    .        .        .        .'       .        .  '      . i 

Coal, V  2''  [      2'  9'^ 

Slate,  thin,  non-persistent,     ..... I 

Coal, 0'  5'^  j 

Slate, 0'  3'^ 

Coal, V  0'^ 

4/  0'/ 

This  section  is  essentially  the  same  as  that  of  the  Pliilson  Iron  &  Coal  Com- 
pany, as  given  me  by  Mr.  H.  N.  Coleman.  According  to  the  same  authority,  the  top 
bony  coal  is  absent  in  the  two  openings  on  his  farm,  including  the  Standard  Coal 
Company's  mine,  thus  resembling  the  section  given  by  the  Messrs  Piatt  for  Mr. 
Musser's  mine,  as  well  as  in  respect  to  the  absence  of  mentionable  slates  in  the 
upper  bench. 

The  analysis  referred  to  is  as  follows  : 

Moisture, 870  1 

Fixed  carbon,  ........     68  944   j 

Volatile  matter, 20.380   }-      100 

Sulphur, 1.176   I 

Ash, 8.680  J 

Coke, 78.80 

The  approximate  percentage  of  ash,  complemental  to  the  percentage  of  combust- 
ible given  in  the  Quartermaster-General's  tables,  is  11.01  in  the  Standard  Company's 
coal,  and  9.08  in  the  Pliilson  Company's.  It  is  obvious  that  the  determination  of 
ash  by  the  analytical  method  should  result  in  still  larger  proportions  of  ash. 

Incomplete  as  are  the  results  reported,  especially  for  want  of  accompanying  analy- 
ses, the  twf)  instances  cited,  compared  with  other  examples  in  the  list,  tend  to  confirm 
at  least  one  general  deduction  from  most  comparative  experiments  of  the  kind, 
namely,  that  a  high  calorific  power  in  coals  is  not  incompatible  with  moderately  large 
proportions  of  ash.  This  point  is  not  without  special  importance  in  its  bearing  upon 
the  coals  of  Somerset  county.  As  exhibited  at  present  by  available  analyses,  to  be 
found  in  the  Appendix  to  this  paper,  these  seem  to  be  comparatively  rich  in  ash, 
but  otherwise  to  conform  to  the  best  American  type  of  highly  calorific  coals.  Their 
bnttleness  or  friability  is  one  of  the  pronounced  features  of  the  type. 

The  operations  of  the  Pittsburgh  &  Baltimore  Coal,  Coke  &  Iron 
Company,  north  of  Ursina  in  tlie  western  siib-basin  on  the  Hose 
or  Pliilson  bed  of  the  Lower  Barren  measures,  proved  discour- 
aging, and  have  been  abandoned.* 

Mining  operations  at  Garrett  on  the  Castlernan  in  the  Berlin- 
Salisbury  (eastern)  sub-basin  are  confined  to  the  development  of  the 
Freeport  Lower  and  Kittanning  L^pper  scams  of  the  Lower  Pro- 
ductive measures,  which  rise  from  underneath  the  Berlin  and  Salis- 
bury section  on  the  eastern  slope  of  Negro  mountain,  thus  forming 
the  western  margin  of  that  coal-field  considered  as  one  deep  basin. 

*  See  a  judicious  chapter  on  Variability  of  Barren  Measure  Coals,  Report  HHH, 
251. 
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In  the  Somerset  and  Johnstown  (middle  and  western)  snb-basins, 
coal  is  mined  and  shipped  Irom  several  points  on  the  left  bank  of  the 
Castleman  and  from  its  northern  branelios.  The  scams  developed 
are  those  of  the  Lower  Productive  measures,  especially  the  Freeport 
anil  Kittanning  oronps,  of  which  the  Kittanning  Upper  seam  (C)  is 
the  more  extensively  mined.* 

QUEMAIIOXIXG  COAL-FIELD. 

JOHNSTOWN    (WESTERN)    SUB-BASIN   OF    FIRST   GRAND   BITUMINOUS 

COAL-BASIN. 

Quemahoning  creek  is  the  west  fork  of  Stony  creek  which  enters 
the  Conemangh  at  Johnstown.  Ivising  in  the  central  watershed  in 
Somerset  township,  some  4  miles  N.  W.  of  the  town,  its  general 
N.  E.  course  within  the  Johnstown  sub-basin  is  nearly  parallel  in 
Jenner  township  to  the  axis  of  this  basin.  Hence  it  crosses  into 
the  Somerset  sub-basin  by  its  deep  gap  through  the  Viaduct  sub- 
axis.  Its^  tributaries  flowing  on  the  east  from  that  portion  of  the 
elevated  Viaduct  anticlinal  which  is  spanned  by  Lower  Barren 
measures,  and  from  an  upland  on  the  north  and  west  likewise  over- 
spread with  the  same  measures,  its  hydrographical  basin  south  of 
the  latitude  of  Jenner's  Cross-Roads  on  the  Bedford  and  Pittsburgh 
turnpike,  affords  the  conditions  for  a  remarkable  development  of 
the  I^ower  Barren  measures.  While  this  series  of  soft  strata  goes 
far  to  determine  its  superficial  topograj)hy  and  agricultural  features, 
it  is  a  lower  series  of  coal-measures  that  gives  importance  to  this 
area,  namely — the  Lower  Productive  series.  The  erosion  of  the 
hydrographical  basin  of  the  Quemahoning  has  scored  a  deep  section 
of  coal-measures  down  to  the  Kittanning  Lower  bed  B  so  as  to 
])resent  this  bed,  together  with  the  Freeport  group  of  coals  above 
water-level,  under  uncommonly  fiivorable  circumstances  of  dip  and 
cover,  and  of  accessibility  for  mining. 

Along  that  portion  of  the  boundary  between  Somerset  and  Cam- 
bria counties  which  is  formed  by  Stony  creek,  the  Kittanning  and 
Freeport  groups  of  coals  are  raised  by  the  Viaduct  anticlinal. 
Their  several  members  are  exposed  above  water-level  in  the  sides 
of  this  deeply-eroded  valley  and  in  the  hills  of  the  adjacent  country. 

In  the  long  narrow  water  gap  of  Stony  creek  through  the  Via- 
duct anticlinal,  some  300  feet  below  the   hill-tops,  the  Pottsville 

*  I  have  adopted  in  this  paper  the  nomenclature  and  notation  of  the  later  vol- 
umes of  the  Second  Geological  Survey  of  Pennsylvania.  In  the  Appendix  will  be 
fonnd  its  present  full  scheme  of  the  Lower  Productive  coal-measures. 
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conglomerate  (XII)  is  well  above  that  stream.  At  the  western  end 
of  the  gorge,  and  on  the  Somerset  county  side  of  Red  Bridge  in  the 
Johnstown  sub-basin,  the  Kittanning  Upper  coal,  C'(5  feet),  is  145 
feet  above  the  creek.*  Opposite  the  eastern  end  of  the  gorge  in  the 
Johnstown  basin,  the  same  seam  (4J-  feet  net)  is  opened  on  the 
Somerset  side  on  several  farms  and  is  exposed  in  the  famous  Hog's 
Back  where  its  thickness  is  full  5  feet.  Near  Davidsville,  some  3 
miles  southwest  from  the  gap  along  the  anticlinal,  some  300  feet  of 
the  Lower  Barren  measures  sweej)  across  the  anticlinal.  It  is  here, 
according  to  the  Messrs.  Piatt, f  that  the  Viaduct  axis  is  at  its 
lowest  elevation ;  that  is,  where  the  conglomerate  floor  of  the  coal 
measures  is  the  deepest,  and  where  therefore  their  fullest  section  in 
the  anticlinal  is  preserved. 

Southwest  of  Davidsville  the  Viaduct  axis  begins  to  rise  again 
along  its  course.  In  the  deep  gap  of  the  Quemahoning,  some  100 
feet  of  the  conglomerate  (XII)  is  exposed,  and  on  the  hill-tops  the 
Kittanning  Upper  coal,  some  300  feet  above  the  stream.  The  State 
geological  surveyors  estimate  the  southwesterly  rise  of  the  Viaduct 
axis  between  the  Quemahoning  gap  and  its  latitude  of  Davidsville 
to  be  about  30  feet  to  the  mile,  or  about  J  of  a  degree.^  This  anti- 
clinal soon  declines  again  along  its  trend  southwest  of  the  Quema- 
honing gap,  and  becomes  merged  in  the  upland  of  the  central  water- 
shed, and,  buried  beneath  a  varying  section  of  soft  lower  measures, 
ceases  to  be  a  distinct  topographical  feature  until  recognized  in  the 
gap  of  the  Castleman.§ 

The  features  of  the  hydrographical  basin  of  the  Quemahoning, 
within  the  limits  of  the  Johnstown  or  western  division  of  the  First 
great  basin  of  the  Allegheny  system,  are  simply  topographical  in 
character.  They  entirely  lack  those  of  a  subordinate  stratigraphical 
basin,  like  that  of  Salisbury  in  the  eastern  division  of  the  First 
great  basin.  Nothing  could  be  more  simple  than  its  structure. 
The  coal  measures  have  throughout  a  general  dip  of  about  N.  40° 
W.,  from  70  to  125  feet  per  mile.  The  maximum  dip  prevails 
along  the  upper  part  of  the  basin  under  its  nearer  approach  to  the 
Viaduct  anticlinal.  Declining  about  the  centre  to  a  minimum,  it 
again  increases  toward  the  north,  and  reaches  its  maximum  as  it 
approaches  the  Viaduct  axis  to  cross  it.  The  general  dip  in  rchition 
to  the  iall  of  the  creek  is  shown  by  the  accompanying  sketch  map, 


*  Report  H.„  213.  f  Ibid.,  107. 

j  Ibid.,  108.  §  Ibid.,  lO'J. 
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as  well  as  the  general  topotjraphv,  which  is  indicated  by  the  strati- 
graphy of  the  several  coal  beds  of  the  Lower  Productive  series  here 
approximately  exhibited  without  fine  instrumentation. 

KiTTANXiNG  Lower  Coal  (B). 

Tiiis  coal  seam  is  well  known  in  Clearfield  and  Centre  counties 
as  the  lower  of  the  two  beds  which  give  repute  to  the  superior 
sream  coals  of  that  region.  In  Bhiir  county,  at  Bennington  and 
vicinity,  it  is  extensively  mined  for  coking;  in  Cambria  county,  at 
Johnstown,  Ben's  creek  and  Lloydsville,  chiefly  for  the  same  pur- 
pose. In  the  appendix  to  this  paper  an  exhibit  is  given  of  analyses 
of  coals  from  this  seam  as  represented  by  the  localities  named.  Upon 
an  important  point  of  identity  see  a  foot-note  in  the  appendix. 

In  Cambria  and  Blair  counties  its  uj^per  bench  of  5  to  9  inches  of 
bony  coal,  developed  in  most  of  the  mines,  is  either  left  on  the  roof 
or  else  ripped  after  the  extraction  of  coal  to  prevent  casualties.  In 
the  vicinity  of  Bennington  this  seam  is  presented  as  a  double  one, 
with  the  same  bony  coal  on  the  roof,  and  a  middle  parting  of  12  to 
15  inches.  The  upper  bench  only  is  mined,  and  free  of  its  top  bony 
coal.  The  lower  bench  of  27  to  36  inches  is  condemned  for  excess 
of  sulphur  and  ash.  In  some  of  the  mines  at  Bennington  the  bottom 
bench  is  of  better  quality,  but  often  too  much  pinched  by  the  thick- 
ening of  the  dividing  slate  for  profitable  mining.  The  upper  bench 
of  2  J  feet  is  mined  free  of  its  bony  top  of  G  inches.  At  Lloydsville 
the  seam  is  separated  into  three  benches,  of  which  the  two  upper, 
aggregating  some  5  feet  in  thickness,  are  mined  fi-ee  of  tiie  bony 
coal  upon  the  roof  At  Johnstown  both  top  and  bottom  benches 
are  rejected.* 

The  foUowinjj  is  a  list  of  sections  of  the  Kittannino;  Lower  coal 
(B)  in  Somerset  county  as  compiled  from  Report  H3  of  the  present 
State  Geological  Survey  of  Pennsylvania: 

Sections  of  Kittaxxixg  Lower  Coai,  (B),  North  of  Central,  Watershed 
IN  Somerset  County.  Identified  by  Second  Geological  Survey  of 
Pennsylvania.    Report  HHH. 

Somerset  Sub-basin  (^liddle). 

Lohr's  Mine,  Stony  Creek,  Hooversville.  Coal  5  feet.  Two  thin  slaty  partings. 
(12.3) 

Specht's  Mine,  Stony  Creek,  Sprncetown.  Seam  GJ  feet.  Upper  workable  bencli 
2^  feet.  Columnar  and  friable.  Middle  bench  sulphurous  17  inches.  Lower 
bench  uneven  and  impure.     Upper  parting  8  inches,  lower  6  inches.     (126) 

*  See  paper  by  the  present  writer,  read  at  the  Troy  Meeting  :  Differential  Sam- 
pling of  Bituminous  Coal  Seams,  these  Transactions,  xii.,  317. 
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Berkey's  Mine,  Shade  Creek.     Seam  6  feet.     Upper  bench  4  feet.     Friable,  clean 

coal.     (142) 
Custer'.s  Mine,  Shade  Creek.     Upper  workable  bench  50  inches.     (143) 
Knebel's  Mine,  Shade  Creek.     Upper  workable  bench  49  inches.     (144) 
Morgan's  Mine,  Qnemahoning.     Seam  51  inclies.     Upper  workable  bench  3  feet. 

"  Remarkably  free  from  all  impurities."     (151) 
Bowman's  Mine,  Viadnct  anticlinal,  branch   of  Qnemahoning    Creek.     Seam    47 

incites.     Upper  workable  bench  3  feet.     Good  coal.     (151) 

Johnstown  Sub-basin  (Western). 
No  outcrops  or  openings  above  water-level  positively  identified  by  State  Geological 
Survey.     See  text  below  for  outcrops  above  water-level  in  the  Qnemahoning 
coal-field. 

Berlin-Salisbury  Siih-bnsin  (Eastern). 

Kuntz's  jVIine  (?),  Beaver  Dam  Run.     Upper  bench  8^',  lower  bench  31^^     Parting 

Y^.     "Good,  strong  steam  coal."     Friable.     (12) 
McGregor's  Mine,  Dark  Sliade  Creek.     Upper  bench  42'''  alone  mined.     (13) 
Grove's  Mine,  Clear  Run.     Upper  bony  coal   2''\     Upjfcr  bench  good   coal  3''. 

Lower  rejected  bench  1  foot,  with  two  slaty  partings.     (16) 
Stadtler's  Mine,  summit  of  Allegheny  Mountain.     Gross  4'  8'^.     Upper  bench  3 

feet.     Good  coal,  which  is  shipped  to  Bedford  County.    (16) 

Section.s  of  Kittanning  Lower  Coal  (B)  Identified  by  Second  Geologi- 
cal Survey,  Pennsylvania,  in  Somerset  County,  between  Central 
Watershed  and  Castleman  River.    Report  HIIH,  1877. 
Somerset  Sub-basin  (Middle). 

Zimmerman's  IVFine,  Kimberlin's  Run  (Coxe's  Creek).     Seam  4  feet.     Upper  work- 
able bench  32  inches.     (154)     See  Analysis. 

Ankeny  Mine,  Milford  Station,  Coxe's  Creek.     Upper  bench  2G  inches.     Parting  A 
inch.     Lower  bench  8  inches.     (165) 

Brandt  Mine,  Milford,  Coxe's  Creek.     Upper  bench  33  inches.     Parting  3  inches. 
Lower  bench  7  inches.     Thickness  irregular.     (166) 

Baker's  Mine,  Coxe's  Creek.     3  to  4  feet  of  coal.     Same  section  as  in  Ankeny  and 
Brandt  mines. 

Wolfersberger  Mine,  Castleman  River,  Mineral  Point.     Double  bed.     Upper  bench 
2.V  feet.     Parting  1  foot.     Lower  bench  1  foot. 

Liston  Mine,  Listonvilie,  Castleman  River.     4  feet  2  inches.     ''  Coal  bright,  tender, 
and  seamed  with  slate  and  pyrites."     (270)     See  Analysis. 

Johnstown  Sub-basin. 
King's  Farm,  Laurel  Hill  Creek,  Forwardstown.     Not  opened  (1876).     (243) 
Ilarnedsville,  Castleman  River.     Below  water-level  3  feet.     Good  coal.     (266) 

Bed  B  in  Somerset  and  Jenner  Townships,  Quemahoning 

Creek. 

This  bed  mulerlies  the  wliole  of  the  Qnemahoning  (l)y(lr()grai)hical) 
basin  within  the  Johnstown  or  western  synclinal.  Maintaining  its 
position  very  nearly  at  water-level,  it  is  cnt  by  the  creek  itself,  and  by 
several  of  its  branches  wherever  it  is  sufficiently  raised  by  local  rolls, 
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as  shown  in  the  aeconipanving  stratigraphical  sketch.  It  thus  ap- 
pears on  tlie  Henry  Sliaet'er  farm  in  a  ravine  running  into  the  ereelc, 
at  a  right  angle,  iVoni  the  npUind  of  the  \'ia(hict  sub-axis  which 
forms  the  eastern  margin  of  the  section  here  described.  In  this 
ravine  at  the  bivse  of  the  hill  to  the  north,  it  was  opened  several 
years  ago  alongside  the  road,  in  three  places  within  a  distance  of  70 
feet,  but  only  tor  a  few  feet  from  its  outcrop[)ing  edge.  The  section 
here  exhibited  is  as  follows  : 

Shaly  sandstone,       .........       

Black  shale, 7'  0'' 

Lustrous  columnar  coal,  ........  0'13'^ 

Slialv  and  bony  parting 0^  S'^ 

Dull  friable  coal 0  15 

Bottom  bench,  not  exposed,      ....... 

Gross  thickness, ol"-f 

On  the  A.  Hoffman  place,  back  of  Bulah  church,  it  has  been 
opened  for  a  short  distance  under  but  little  cover,  by  a  rude  opening, 
now  several  years  old.  This  i)()int  is  some  45  feet  higher  than  at 
Shaeier's,  and  over  165  feet  above  the  nearest  point  of  the  Quema- 
honinir.     The  following  is  its  section  : 

Shaly  sandstone,     .........  33' 

Slate,      y 

Coal  columnar, 0  18'^ 

Fibrous  coal, ..........  1'^ 

Coal  columnar,       .........  12^^ 

Coal  lamellar, Q^^ 

Analyses  of  coed  B  at  Hoffmanns. 

1.  II. 

Moisture,       . 1.892  1  8S 

Fixed  carbon, 65.897  72.90 

Volatile  matter, 18.513  16.41 

Sulphur, 3.078  0.98 

Ash 10.620  8.81 

I. — Average  of  whole  section  of  seam,  exclusive  of  slate-parting  (1^^).    Heading." 
Analysis  by  McCreath. 
II. — Average  of  Section  exclusive  of  slate-parting  {V)  and  bottom  bench  (0'^),  from 
latest  work  12  feet  under  cover.    Analysis  by  Drown. 

At  Rischeberger's  an  old  working  still  displays  a  section  as 
follows : 
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Black  shiile  roof, 

Coal  in  two  workable  Ix-iiches,       .         .         .         .         .         .2'  3'' 

Parting, \'^ 

Coal, 3" 

Parting, y'' 

Coal, 5'^ 

2'llf" 

Similar  sections  of  coal  B  are  presented  in  coal  banks  at  Ogline's 
and  Kiernan's.  Shifting  positions  of  its  partings  cause  variations, 
however,  in  tiie  relative  thickness  of  its  several  members  wherever 
observed — even  within  the  narrow  compass  of  a  single  coal  bank. 

A  little  beyond  the  northern  limit  of  the  section  under  description, 
the  same  seam  has  been  wrought  on  a  small  scale  at  Bowman's,  1| 
miles  eastof  Jenner's  on  the  Stoystown  and  Bedford  turnpike.  The 
Messrs.  Piatt  give  the  following  section  for  this  opening  (1876).* 

Black  slate, 

Coal  good,  workable  bench,    .......  3'  0"' 

Slate, 0  V 

Coal, 0'  5'^ 

Slate, 0  V' 

Coal 0  5'' 

Slate, 


(jross  thickness,  ........     3'11 


}  // 


Two  miles  north  of  the  Cross-Roads,  coal  B  may  be  seen  at  Apple's 
and  Fried  line's  banks,  when  not  "  fallen  shut."  These,  as  well  as 
Bowman's,  were  inaccessible  at  the  time  of  my  visit  (October,  1883). 

The  State  Geological  Surveyt  gives  the  section  of  Morgan's  bank 
on  the  same  seam  at  the  gap  of  the  Qiiemahoning,  as  follows : 

Black  slate,    .......... 

Coal,  workable  bench,    .         .         .         ,         .         .         .         .  3'  0  '' 

Slate, 0'  i  ^' 

Coal, 0'  Sy 

Slate,      . 0    1'^ 

Coal, 10  ^^ 

Gross  thickness, 4'  1\" 

In  the  latitude  of  Jenner's,  on  Shade  creek,  in  the  middle  basin  of 
Somerset  county,  the  Kittanning  Lower  coal  is  reported  at  Berkey's 
and  Custer's  to  present  a  gross  thickness  of  some  5  feet,  its  uj)per 
benches  yielding  4  feet  of  coal,  described  as  excellent.  J    At  Spruce- 

*  Report  IT3,  152.  f  Ibid.,  151. 

:i:  Ibid.,  112-143. 
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town,  on  Stony  creek,  some  three  miles  to  tlie  south,  in  the  same  basin, 
tlus  beil  assumes  an  abnormal  thickness  (G.l  feet),  with  two  partings. 
The  upper  one,  which  is  of  fire-clay,  is  described  as  varying  from  a 
lew  inches  to  eighteen  in  thickness.  Tiie  upper  bench  ailbrds,  accord- 
ing to  the  Messi-s.  Piatt,  2\  feet  of  tolerably  pure  coal.* 

The  above  localities  are  all  north  of  the  central  waterslied.  For 
these  no  analyses  are  given  by  the  report  of  the  State  Geological 
Survey  for  the  county  (1877).  Only  two  of  bed  B  are  given  for  the 
rest  of  the  county,  namely,  at  Fairview,  on  Negro  mountain  east  of 
the  town  of  Somei-set,  and  at  Listonville,  south  of  the  Castleman. 
The  coal,  at  these  two  points,  is  seen  to  be  condemned  by  the  analy- 
ses lurnishcd.t 

The  description  of  the  Kittanning  T^ower  coal  above  presented 
tends  to  show  that  it  is  at  its  best  north  of  the  central  watershed,  and 
in  that  part  of  Somerset  county,  to  share,  in  some  measure,  the 
favorable  conditions  under  which  it  is  mined  in  the  counties  to  the 
nortli,  in  the  same  great  basin. 

KiTTANxiNG  Upper  Coal  (C.) 

In  Cambria  and  the  northern  part  of  Somerset  counties,  this  seam 
is  wrought  at  several  points  on  scales  of  greater  or  less  magnitude, 
depending  on  the  presence  or  absence  of  railway  facilities.  In  Cam- 
bria and  Blair  counties,  it  is  developed  on  an  industrial  scale  for 
coking,  and  in  Clearfield  for  steam  purposes.  North  of  the  central 
divide  of  the  county,  in  that  section  of  Somerset  which  is  still  unde- 
veloped by  local  industries,  or  by  shipping  facilities,  its  develop- 
ment is  limited  to  the  demand  for  local  consumption,  and  for  the  cal- 
cining of  the  underlying  Johnstown  cement  bed  (limestone),  which  is 
mined  in  connection  with  it  for  agricultural  use.  In  both  sub-basins 
divided  by  the  Viaduct  anticlinal,  it  is  invariably  exhibited  north  of 
the  central  watershed  of  Somerset  county,  as  a  single  bed  8  to  5  feet 
thick,  free  from  persistent  slaty  partings,  except  such  as  at  some  points 
are  found  near  the  roof  and  bottom,  and  which,  therefore,  oppose 
no  serious  obstacle  to  mining.;];  AVhile  often  in  such  seams  ripped 
from  entries  for  the  sake  of  space  in  systematic  workings,  these  are 
generally  left  unbroken  in  the  rooms.  The  same  practice  is  followed 
throughout  the  State  in  many  of  the  best  mines,  in  tliis  and  other 
beds  of  the  same  series. 

South  of  the  central  watershed,  a  fire-clay  shale  regularly  makes 

♦  K«-p<,rt  H3,  126.  t  Ibid.,  154,  270. 

X  See  tliis  volume,  p.  317  el  seq.,  On  Differential  Sampling  of  Ijitiiminoiis  Coal 
Seam.'!,  by  the  writer. 
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its  appearance  near  the  middle  of  the  bed,  gradually  increasing  in 
thickness  towards  the  sonth  to  one  to  two  feet  on  the  Castleman, 
and  to  some  five  feet  further  south.  Where  thus  occurring  as  a 
double  bed,  more  than  one  of  its  benches  is  seldom  mined.  Thick- 
ening of  the  parting-shale  is,  as  a  rule,  at  a  corresponding  loss  in 
size  of  the  lower  bench,  which,  as  far  as  reported,  is  blocky  and  lam- 
ellar, and  generally  slaty.  The  up])er  bench  is  columnar,  unevenly 
divided  by  a  thin  but  persistent  binder  of  slate,  as  on  Middle  creek.* 
Near  the  Maryland  line  both  benches  of  coal  aggregate  but  27 
inches.f 

According  to  the  Messrs.  Platt,|  the  dividing  slate  of  the  Kittan- 
ning  Upper  (C),  first  makes  its  appearance  in  Somerset  county,  near 
Hooversville  in  the  Somerset  sub-basin,  as  a  thin,  though  persistent 
band,  which  expands  in  thickness  toward  the  south,  "swelling  out 
to  afoot  along  the  Castleman,  and  becoming  a  regular  and  recogniz- 
able feature  of  the  bed."  Yet  it  does  not,  according  to  the  same 
writers,  make  its  appearance  at  Stoystown,  in  the  same  sub-basin 
some  five  mjles  still  further  south, §  nor  does  any  such  change  take 
place  in  the  Johnstown  basin  south  of  the  latitude  of  Stoystown,  on 
the  Quemahoning. 

Throughout  the  southern  part  of  Cambria,  and  the  northern 
townships  of  Somerset  county,  coal  C  "  is  invariably  in  one  solid 
bench  "  stated  to  be  about  2J  to  3  feet  thick. ||  Within  the  area  re- 
ferred to,  this  seam  seldom,  if  ever,  presents  less  than  a  gross  thick- 
ness of  5  feet,  or  less  than  3|  feet  of  workable  coal  exclusive  of  top 
and  bottom  rejected  benches.  This  is  the  case  at  the  Rolling  Mill 
mine,  of  the  Cambria  Iron  Co.,  at  Johnstown,  where,  as  I  am  in- 
formed by  Mr.  John  Fulton,  H  feet  of  bony  coal  is  left  in  the  roof, 
except  in  roadways.  At  the  Somerset  county  line,  on  Stony  creek, 
near  Ked  Bridge,  the  Kittanning  Upper  seam  presents  a  breast  of  five 
feet  of  good  coal, Tf  described  by  the  Messrs.  Piatt  as  blocky.  At 
Scalp  Level,  (m  Paint  creek,  some  five  miles  to  the  southeast,  it  main- 
tains a  net  thickness  of  four  feet,  and  is  described  as  unusually  free 
from  all  impurities.** 

Like  the  Freeport  seams  in  the  two  counties  to  the  north,  through- 
out the  first  great  basin,  the  Kittanning  Upper  seam  generally  pos- 
sesses a  columnar  cleavage.  This  structure,  especially  where  not 
checked  by  intercalations  of  tenacious  material  in  the  form  of  minute 
binders  of  bony  coal  or  slate,  disposes  the  coal  to  crumble.     I  have 

*  Report  HHH,  173.  f  H'i'l ,  18-5-278.  t  Ibid.,  IKi,  119. 

glbicl.,  IIG.  II  Ibid.,  273, 313.  If  lleport  IIII,  127. 

**  Report  mi,  G2. 
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elscwliere  explained  tliat  coals  the  richest  in  disposable  hydrogen, 
and  poor  in  ash,  are  generally  the  more  friable  compared  with  dry 
coals  verging  upon  the  character  of  splint.  This  is  illustrated  by 
the  well-known  friability  of  the  famous  highly  bituminous  steam 
coals  of  the  Moshannou  basin  of  Clearfield  county,  and  by  the  Berlin 
and  Price  coals  of  Somerset  cH)unty.* 

"  The  seam  D  (=  C)  is  divided,  at  Garrett,  into  two  benches,  by 
a  })ersistent  band  of  tire-clay  slate  which,  in  the  Somerset  and  Johns- 
town-Confluence sub-basins  to  the  west  becomes  its  most  prominent 
and  characteristic  feature. "f  This  remark  refers  to  the  latitude 
of  Garrett,  and  not  to  the  northern  portion  of  these  sub-basins  in 
Somerset  county. 

The  following  list  of  sections  of  the  Kittanning  Upper  Coal  (C) 
in  Somerset  county,  is  compiled  from  the  observations  of  the  Second 
Geolo(/ical  Survey  of  Pennsylvania,  made  during  thesummer  of  1876, 
as  recorded  in  Report  H,.  For  analyses  from  the  same  source,  see 
Apj>endix  to  this  memoir. 

North  of  Central  Watershed. 
Somerset  Sub-basin. 

Meyers  Mine,  near  moiitli  of  Sliade  Creek.  Solid  coal  3  feet  9  inches.  Coal  hard, 
compact,  and  blocky.     (116) 

Trevorrow  Mine,  Stony  Creek.  Solid  coal,  3}  feet.  Firm  and  compact,  clean  coal. 
Good  for  sleam  and  rolling-mill.     (117)     See  analysis. 

Eash  Mine,  Stony  Creek.     Solid  coal  3  feet  3  inches.     (118) 

Swank  Mine,  month  Quemahoning.  Coal  4  feet;  upper  l)ench  3  feet,  lower  bench 
1  foot.  Parting  J  inch,  noticed  for  first  time  in  Somerset  County,  going  south, 
half  a  mile  below  Hooversville. 

Lohr's  Mine,  Stony  Creek.  Upper  bench  3  feet.  Good  hard  coal.  Slate  near  bot- 
tom.    (124) 

Specht  iline,  Stony  Creek,  Sprucetown.  Seam  6  feet  6  inches;  upper  bench  21  feet ; 
two  partings,  3  and  6  inches;  lower  bench  irregular  and  slaty.     (126) 

Wilt  Mine,  Stoystown.  Seam  3  feet  11  inches,  f  inch  slate  parting,  upper  workable 
bench  2  feet  9  inches.     (127)     See  analysis. 

Kimmel  Mine,  Beaver  Dam  Creek.  Upper  workable  bench  2  feet  10  inches.  Slate 
parting  J  inch.     Lower  bench  6  inches.     (128) 

Beiu  Mine,  Stony  Creek,  Wells  Br.  Net  coal  2\  feet.  Coal  tender.  See  an- 
alysis.    (131) 

Weaver  Mine,  Paint  Creek,  opposite  Scalp  Level,  Cambria  County.  Seam  7  feet 
1  inch.     Lower  workable  bench  3  feet  10  inches  to  4  feet.    (135)  (HH,  62) 

Josiah  Custer  Mine.  Shade  Creek.  Solid  bench  of  hard  bright  coal  3  feet  8  inches. 
(140) 

Rodger  Mine,  Shade  Creek.     Coal  3|  feet,  solid  bench.     (145) 

Weaver  Mine,  Quemahoning  Creek.  Coal  over  3  feet,  in  one  solid  bench,  good 
qnality.    (151) 

*  See  this  volume,  p.  317  e<  sey..  Differential  Samplingof  Bituminous  Coal  Seams, 
by  the  present  writer.  f  Report  HHH,  51. 
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Johnstown  Sub-basin  ( Western). 

Yoder's    Mine,  Conemaugh  township,  Stony  Creek.      Coal  solid  44  feet.     "Hard 

and  tough"     (214) 
Mushier  Mine,  same  section.     Coal  firm  and  good  "from  the  start."     (214) 
Beam  (now  Lohr)  Mine,  Qiiemahoning  Creek.    !Seam4  feet  8  inches.   Upper  bench 

4  feet.    (230.)    See  analysis. 
Pile  Mine,  Quemahoning  Creek.     Seam  4  feet  5  inches.     Upper  workable  bench  4 

feet.  (232.)    See  analysis  from  lower  slaty  bench. 

Between  Central  Watershed  and  Castleman  River. 

Somerset  Sub-basin  (Middle). 

Baer's  Mine,  Negro  Mt.     Coal  2|  feet.     (156) 

Wall's  Mine,  Negro  Mt.    Same  section.     (156) 

L.  Shaefer's  Mine,  Negro  Mt.     Same  section.     (158) 

Kimmel's  Mine,  Kimberlin   Rnn,  Fairview.     Seam  5  feet  5  inches.     Parting  11 

inches,  upper  slaty  coal  2  feet,  lower  workable  bench  32  inches.     (159) 
Fox's  Mine,  Kimberlin  Run,  of  Coxe's  Creek.  Seam  4  feet.  Upper-  workable  bench 

39  inches.     (159) 
B.  Shaefer's  Mine,  Kimberlin  Run.     Seam  4J  feet.     Upper  bench  30  to  36  inches. 

Clay  parting  6  inches.     (160) 
Weimer's  Mine,  Somerset,  Cox's  Creek,  30  feet  below  water-level.     Seam  5  feet. 

Roof-coal,  bony,  3  inches.     Upper  bench  27  inches,  slate  parting  8  to  11  inches. 

Lower  bench  18  inches.     (162) 
Baker's  Station,  Cox's  Creek,  Double.     5  feet  gross,  parting  shales  1  foot.     (169) 
J.  Meyers,  Middle  Creek,  Double.     Lower  bench  4  feet,  upper  2  feet.  Parting  13 

inches.     (173) 
Walker's,  Middle  Creek,  Double.     Parting  2  to  3  feet.     (174) 

Henry  Sechler's,  Negro  Mt.,  near  Casselman.   46  inches  gross,  44  inches  net.  Qual- 
ity poor.     (197) 
Zufall's,  Castleman  R.     Upper  bench  31  inches.    Parting  24  inches.     Lower  bench 

12  inches. 
Heinbach's,  Castleman  R.  Upper  bench  27  inches.  Parting  24  inches.    Lower  bench 

15  inches.     (201)     See  analysis. 
Nicholson's,  Castleman  R.    Upper  bench  21  to  24  inches.    Parting  30  inches.    Lower 

bench  24  inches.     (201)     See  analyses. 

Berlin- Salisbury  Sub-basin  (Eastern). 

Hay's  Mine,  Garrett.     Upper  bench  4^  feet.     Parting  32  inches.     Lower  bench  21 

inches.     (51) 
Garrett  Tract,  same  section.     Upper  bench,  42- feet,  worked.     (52) 
Walker's  Mine  (Enterprise  Coal  Company),  Garrett.     Upper   bench    18   inches. 

Parting  |  inch.     Lower  bench  27  to  30  inches.     (52) 
Wigle  Mine,  Garrett.     Gross  6  feet.     No  longer  mined.     (53)     See  analysis. 

Johnstown  Sub-basin  ( Western). 

King's  Mine,- Laurel   Hill  Creek,  Forwardstown.    Upper  bench  3  feet.     Fireclay 

parting  18  inches.     Lower  bench  2  feet.     (242) 
Faidley  Mine,  Middle  Creek.     Upper  bench  32  inches.     Parting  8  inches.    Lower 

bench  19  inches.    Upper  bench  divided  by  2  inches  of  slate.    All  tljree  benches 

yield  blocky,  lamellar  coal,  very  firm  and  slaty.     (245) 
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Croll  Mine,  Laurel  Hill  Creek.  Upper  bench  11  inches.  Parting  3  inches.  Lower 
bench  11  inches.     (255)     See  analvv-^is. 

Leslie  Mine.  Casllenian  R.,  Upper  Tnrkey  Foot.  Upper  bench  3  feet.  Parting  2 
to  4  inches.     Lower  bench  8  to  10  inches.     (262) 

Augnstine  Mine,  Upi>er  Tnrkey  Foot.  Gross  tliickness  4  feet.  Parting  2  to  G  in- 
ches.    (264) 

Hanna  Mine,  Harnedsville.     Upper  bench  3  feet.     (267)     See  analysis. 

McClintock  Mine,  Harne<lsville.  Upper  bench  2  feet.  Parting,  bony  coal  and 
shale,  13  inches.     Lower  bench  1  foot.     (268)     See  analyses. 

KiTTANN'ixG  Upper  Coal  C,  ix  Somerset  axd  Jenner 
Townships,  Quemahoning  Creek. 

This  seam  on  the  Queiiiahouiiig  is  from  80  to  85  feet  above  bed 
B.  It  has  been  opened  at  a  number  of  points  in  connection  with 
its  adjacent  limestone  beneath,  from  which  is  exclusively  obtained 
the  local  supply  of  limestone  for  burning  into  lime  for  agricultural 
purposes.  Both  the  stone  and  the  fuel  for  its  calcination  are  pro- 
duced from  the  same  openings. 

At  Pile's  it  is  opened  40  feet  above  the  creek,  under  good  cover, 
by  four  headings,  radiating  N.  and  W.  from  a  central  quarry.  The 
dip  is  .scarcely  appreciable.  The  following  section  is  from  the  east- 
ern heading,  some  300  feet  in.* 

Section  I. 

Fissile  shale,      }  .      ,      .     ,  f  0'     l^M 

T         II  1     f  not  mined  o  inches,     ,        .         .    ^  a/     ^// 

Lamellar  coal,    j  '  |  0"^     4" 

Columnar  coal,  "k  (  IV^ 

Cannel,  or  bony  coal,  >•  workable  3'  7^''  .         .    <  1" 

Lamellar  coal,  )  I  2'  6'^   i 

Gray  shale,  1  {  T'   \   ^'  '^" 

Coai— solid  laver,     I  I  3'H 

Gray  shale,     '  j- not  mined  8  inches,  .         .j  ^A 

■    Solid  coal,  J  [         2'^   | 

Fireclay  shale, —  J 

Limestone,  9  feet. 

Section  II. 
Another  section  at  Pile's,  taken  in  the  short  heading  to  the  south, 
and  from  near  the  outcrop,  is  as  follows: 

Shale 

Columnar  coal, lOj'^") 

Cannel  parting,  not  separated,       .        .        .         .  2  ^'  >  4  feet. 

Columnar  coal, Zo\"  ) 

Bony  coal, ^  " 

Fireclay  floor, 

Gross  thickness 4J  feet. 

*  A  similar  section  was  observed  in  Joseph  Shaefer's  bank  some  300  feet  in,  under 
good  cover,  about  100  rods  below  Pile's. 
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Moisture, 
Fixed  carbon, 
Volatile  matter, 
Siilpliur, 
Asli,     . 
-Middle  workable  bench 


Analyses. 

Section  I.  Section  II. 

l.GO  1.016 

74.85  68.630 

14.25  17.004 

1.59  3.264 

9.30  10.086 
I. — Middle  workable  bench.     Analysis  by  Drown. 
H. — Sectional  average  of  whole  seam,  as  mined  from  particular  heading.  Analysis 
by  McCreath. 

The  disparity  in  fuel  ratios  in  the  above  two  analyses  arises  from 
the  freedom  from  slate  in  the  one  sample  and  its  presence  in  the 
other.  It  also  suggests  such  weathering  as  might  be  expected  to 
arise  from  the  relative  differences  of  position,  sample  I.  being  sound 
coal  from  under  good  cover,  while  II.  was  from  within  12  feet  of  the 
outcropping  edge.  The  parting  of  so-called  cannel  is  a  firm  non- 
lustrous  coal  which  burns  to  a  white  ash. 

The  seam  is  well  exhibited  70  feet  above  water-level,  at  Lohr's 
and  A.  Hoffman's  banks,  which  are  close  together,  separated  by  a 
boundary. 

Section  at  Lohr's. 


Black  shale,  — 

Lamellar  coal,  with  variable  non-persistent  yellow  slate,  y 
Cannel  coal,      ......... 

Lamellar  coal,  ......... 

Slaty  coal, 


:) 


r' 


2'' 


I 


Another  section  from  the  same  mine  (formerly  Beam's)  is  givea 
by  the  Messrs.  Piatt  as  follows: 


Black  slate, 



Coal,  workable  bench,    . 

V  0'' 

Slate,                 "^     .        .        .        . 

.      (0'  2'' 

Coal,                   >  rejected. 

.     }  0'  6'' 

Slate  and  clay, }     .        .        .        . 

.      (0'  Q'' 

Limestone. 

Analyse 

s. 

I. 

II. 

Moisture,     .... 

.      1.27 

0.820 

Fixed  carbon. 

.    77.77 

74.881 

Volatile  matter,  . 

.     14.33 

17.235 

Sulphur,       .... 

.       0.66 

0.519 

Ash, 

.       6.63 

6.545 

I. — Average  of  upper  workable  bench  from  heading,  250  feet  in. 
Analysis  by  Drown. 
II. — Upper  bench.     Reported  by  State  Survey.     (Report  Hj, 
2;jO.)     Analysis  by  McCreath. 
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The  large  proportion  of  lamellar  coal  in  Lolir's  and  Hoffman's 
mines  imparts  to  it  prismatic  cleavage  and  extraordinary  tenacity  as 
compared  with  the  general  type  of  the  Freeport  gronp  of  coals 
througiiont  the  First  Great  Basin. 

Reference  will  be  had  to  the  sketch-map  for  topographical  fea- 
tures. 

Upper  Fkeeport  or  Lemon  Coal-Bed.  (E.) 

This  coal-bed  is  wrought  on  an  industrial  scale  at  several  points  in 
Blair  and  Cambria  counties,  and  at  present  on  a  small  scale  in 
Somerset  county.  The  following  is  a  tabular  exhibit  of  sections, 
within  the  area  of  its  development. thus  described. 


Sections  of  Upper  Freeport  Cool,  E,  Plainly  Compiled  from  Reports 
HH  and  HHH,  Second  Geological  Survey  of  Pennsylvania. 


Blair  County. 

I.  Lemon's  Mine 

II.  Kittanning  Coal  Co 

III.  Dennisou,  Porter  &  Co 

Cambria  Covxty. 

IV.  Christy's 

V.  Currv's.  LiUv  Station 

VI.  Dysart  &  Co'.,  Lilly  Station 
VII.  Coshun  Mine,  Cambria  Co. 

Somerset  Covxty, 

VIII.  Thomas's,  Conemaugh 

IX.  Queer's,  Sipesville 

X.  Gnffith's.QueniHhoninfrcrk 

XL  Sipe's.Queinahouins;  creek 

XII.  Liipe's.Qviemahoiiinir creek 

XIII.  Covode"s,Quemahouing  crk 


6>i 
6 
7 
12 


1 
2 


3 


1^ 

1 

1 


16 
15 
163^ 


37U 

3^ 

5 
13 

5 

5 


19 
4 

3 
6 
5 


5'0" 

4'10" 

4'9J^ 


4'n" 

4'1'4 
h">" 
3'8%" 


3'IOU' 

4'7V./' 

4'0" 

4'3" 


4'2" 
4'0" 


4'4" 
4'0" 
4'0" 


3'IV^" 

3'3" 

3'1" 

4'')" 

3'0" 

3'1" 


I. — Lemon's  old  mines.  Portage  R.R.,  Blair  county  (Roger's 
Survey  of  Pennsylvania,  II.,  652  ;  Second  Geological 
Survey  Report,  IIH,  24.) 

11. — Kittanning  Coal  Company  (Juniata  Coal  Company, 
les.sees),  near  Bennington,  Blair  county.  For  analysis  see 
Appendix.     (Report  HH,  22). 

III. — Denni.son,  Porter  &  Company's  old  mine,  near  Bennington. 
For  analysis  see  Appendix.     (Report  HH,  23.) 

IV. — Christy's  Mine,  one  mile  northwest  of  Gallitzin's,  Cambria 
county.  (Report  HH,  67.)  Since  the  date  of  this  re- 
port, the  Glen  "White  Coal  &  Lumber  Company  has 
opened  another  mine  on  this  bed  near  Gallitzin. 
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v.,  VI.,  and  VII. — Currey's  Mine,  and  Dysart  &  Company's 
Mine,  Lilly  Station,  Cambria  county.  Wilraore  Sub- 
basin  (Somerset  or  Middle  Sub-basin  of  Somerset  coun- 
ty). Bed  E,  according  to  the  Messrs.  Piatt,  yields  four 
feet  of  good  strong  steam  coal,  soft,  friable,  and  of  colum- 
nar structure,  exclusive  of  top  bony  bench.  (Report 
HH,  30.) 

At  Johnstown,  Cambria  county,  according  to  the  same 
authorities.  Bed  E,  at  the  Cambria  Company's  coke- 
yard  mine,  presents  two  partings  and  yields  four  feet  of 
good  but  soft  coal.  (Report  HH,  108,  112.)  At  the 
Coshun  Mine  of  the  same  company,  according  to  Mr. 
John  Fulton,  its  thickness  is  three  and  one-half  feet  of 
clear  coal. 
VII. — Thomas's  Mine,  South  Fork  of  Ben's  Creek,  Somerset 
county,  Conemaugh  township.  The  seam  here,  though 
unusually  thick,  yields  thirty-seven  inches  of  good  coal. 
(Report  HHII,  218.) 
VIII. — Queer's  and  Samuel  Berkey's  Mines,  two  and  one-half  miles 
west  of  Sipesville. 
IX. — Griffith's  Mine,  near  mouth  of  Beaver  Run,  an  affluent 
of  the  North  Branch  of  Quemahoning  Creek.  Fallen 
shut  at  time  of  writer's  inspection.  (Report  HHH, 
228.) 
X. — Sipe's  Mine,  three-fourths  of  a  mile  north  of  Jenner's,  on 
the  Stanton  Mill  Road.  Sections  from  face  of  heading 
in  200  feet,  under  fifteen  feet  of  cover. 
XI. — Lape's  Mine,  1^  miles  southwest  of  Jenner's,  Quemahon- 
ing Creek.  Opened  on  same  line  of  outcrop,  on  adjoin- 
ing Besecker  and  Ludy  farms.  At  Ludy's  the  decline 
of  the  seam  from  Lape's  is  some  thirty  feet. 
XII. — Dr.  Covode's  Mine,  Jenner's  Cross-Roads,  Quemahoning 
Creek.  At  present  inaccessible,  as  it  was  opened  upon 
an  adverse  dip.  The  main  bench,  according  to  the 
Messrs.  Piatt,  yields  a  bright,  rich,  lustrous  coal,  which 
"if  mined  alone  would  doubtless  produce  a  much  better 
fuel  than  is  yielded  by  the  average  of  the  whole  bed." 
(Report  HHH,  226.) 

The  valley  of  the  Quemahoning,  in  the  vicinity  of  Jenner's, 
exposes  a  section  of  2oO  to  300  feet  of  strata  from  the  Clarion  coal 
seam,  in  the  bed  of  the  stream,  up  to  the  Barren  measures,  a  con- 


II. 

III. 

1.27 

1.21 

77.77 

75.82 

14  3:5 

15.85 

0.66 

0.95 

G.ca 

7.12 
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siilerable  thickness  of  which,  with   :i  number  of  uncxj)loro(l  coal 
seams,  crowns  the  higlier  hills. 

Analyses  of  Upper  Freeport  Coal  (E),  Quemahoning 

Creek. 

I. 

Moisture, 1.256 

Fixeil  carbon, 60.175 

Volatile  matters 17.364 

Sulphur, 2.125 

Ash 10.080 

I. — Lape's  average  of  whole  section  of  seam. 
II. — Lape's  average,  exclusive  of  bottom,  one  foot.     Net  coal  three  feet. 
III. — Sij^Hj's  average,  exclusive  of  bottom,  nine  inches.     Ket  coal  three  feet. 

The  followinof  sections  of  the  Upper  Freeport  Bed  (E)  compiled 
from  Report  HHH,  of  the  Second  Geological  Survey  of  Pennsyl- 
vania, are  here  presented  for  further  comparison. 

North  of  Central  Watershed. 
Somerset  Sub-basin  (Middle). 
Earnhardt  Mine,  Stoystown,  Wells  Creek.     Seam  3'  b'\     Upper  workable  bench, 
3'.    (130) 

Bcrlin-Sali^hury  Sub-basin  (Eastern). 
No  sections  reported  as  positively  Indentified. 

Johnstown  Sub-basin  ( Western). 
See  above  table. 

Betwees^  Cextral  Watershed  and  Castleman  River. 

Somerset  Sub-basin  (Middle). 

J.  Schaefer's  Mine,  Kimberline  Run,     Soft  coal,  of    good  appearance.     (160) 
Hugus  Mine,  Somerset.     45  inches.     Upper  workable  bench,  29  inches.     Sample 

analyzed  probably  included  bottom  slaty  bench.    (163) 
Schupstein  Mine,  Somerset.     Same  section.     (164) 

Berlin-Salisbury  Basin  (Eastern). 
No  section  reported  as  positively  identified. 

Johnstown  Sub-basin  ( Western). 
Putnam  Mine  (?),  Middle  Creek  Township,  Laurel  Hill  Creek,  39'^.  Upper  bench, 

30'^     (240) 
Barron  Mine,  Middle  Creek  Township,   Laurel  Hill  Creek,  V.     Middle  bench, 

40'^     Coal  of  "superior  quality."     (240) 
King's  Mine,  Laurel  Hill  Creek.     Stated  by  owner  to  be  5  feet  gross.     (242) 
Rush  Mine,  Pittsburgh  &  Baltimore  Coal,  Coke,  &  Iron   Company,  Laurel  Hill 

Creek,  2J  feet.     Inferior,  slaty  coal.     (254)     See  analysis. 
Railroad  Cnt  coal,  Ursina,  Castleman  River.     30''''  gross.     Small  and  slaty.     (257) 
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In  the  above  description  I  have  refrained  from  encumbering  these 
pages  with  unnecessary  details  of  topography,  as  these  are  clearly 
enough  exhibited  for  all  present  purposes  in  the  accompanying 
sketch-map. 

Nor  have  I  made  mention  of  subordinate  members  of  sections 
referred  to,  such  as  the  Freeport  Lower  coal  (D),  of  the  Lower  Pro- 
ductive measures,  and  the  several  members  of  the  Lower  Barren 
measures,  except  in  instances  where  known  to  be  of  economic  im- 
portance. Within  the  area  under  special  consideration,  that  of  the 
water-basin  of  the  Quemahoning,  these  several  members  of  both 
continuous  series  of  strata,  are  frequently  recognized  by  their 
smuts,  or  by  their  terraces  within  a  sectional  development  as  high 
as  the  Elk  Lick  coal  and  limestone,  just  beneath  the  Morgantown 
sandstone.  This  is  recognized  by  its  fragments  near  the  summits 
of  some  of  the  higher  hills  south  of  Jenner's.  While  these  horizons 
are  usually  indicated  by  at  least  rudimentary  seams  of  coal,  there  has 
come  to  my  knowledge  no  positive  evidence  tending  to  attach  any 
importance  to  these  in  the  northern  townships  of  Somerset  county. 

While  the  southern  parts  of  the  county  approach  the  southern 
limits  of  basins  individual  to  the  separate  seams  of  the  Lower  Pro- 
ductive coal  measures,  as  shown  by  increased  sedimentation  within 
the  compass  of  the  seams  of  this  series,  the  conditions  for  deposition  of 
coal  continuous  with  the  accumulation  of  the  strata  of  the  Lower 
Barren  measures  were,  on  the  other  hand,  exceptionally  favorable. 

The  practical  knowledge  of  the  coal-measures  of  Somerset  county 
is  limited  to  their  elevated  positions,  little  attention  having  hitherto 
been  given  to  anything  below  the  level  of  superficial  drainage. 

The  replication  of  the  lower  series  of  coals,  however,  in  the  axes  and 
sub-axes,  and  the  erosion  of  a  generously- watered  section  of  country 
by  the  drainage  of  so  mujh  upland  as  these  ridge^  afford,  combine  to 
present  outcropping  edges  of  these  coals  under  circumstances  of  dip 
and  cover,  and  at  a  suflficient  number  of  points  to  render  them  read- 
ily accessible  throughout  the  county.  That  this  is  especially  the 
case  in  the  water-basin  of  the  Quemahoning  has  already  been 
explained.  Here  the  whole  series  of  strata  is  under  a  general  dip 
of  less  than  two  degrees  (174  feet  per  mile),  while  local  undulations 
do  not  exceed  three  or  four  degrees  (5  to  6  feet  per  100), 

The  Kittanning  Lower  coal-bed  (B)  is  available  above  drainage, 
on  the  east  side  of  the  Quemahoning,  and  from  Kiernan's  and  Hoff- 
man's branches. 

The  Upper  Kittanning  coal  (C)  is  available  above  drainage,  on  the 
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west  side  of  the  Quemahoning,  as  far  down  as  Solomon  Simpson's, 
where  it  declines  to  within  some  15  feet  above  low-water  of  the 
creek,  and  on  the  east  side  from  all  cross  ravines. 

The  Upper  Freeport  coal  (E)  is  available  on  both  sides  of  the 
Qnemahoning,  under  topographical  conditions,  which  leave  little  to 
be  desired. 

The  Quemahoning  valley  seems  to  present  a  natural  grade  for  a 
railway,  whether  regarded  as  lateral  of  a  main  line,  like  the  South 
Pennsylvania,  now  building,  or  for  the  development  of  its  future  coal 
industry.  The  several  branches  of  the  Quemahoning  are  likewise 
practicable  for  coal  roads.  So  far  as  can  be  judged  by  the  eye,  a 
route  from  the  line  of  the  South  Penn.  R.R.  to  Johnstown  seems 
to  be  offered  by  the  Quemahoning  to  a  point  below  Jenner's,  thence 
by  apparently  practicable  grades  across  a  divide  to  Ben's  creek.  This 
would  give  access  to  a  good  portion  of  the  Johnstown  sub-basin,  in 
Cambria  county,  south  of  that  city,  as  well  as  to  one  of  the  most 
thickly  settled  parts  of  Somerset  county.  Such  a  lateral  would  be 
in  line  with  a  southern  branch  to  the  town  of  Somerset. 

My  first  examination  of  the  Quemahoning  coals  was  in  company 
with  Professor  J.  J.  Stevenson,  with  whose  cooperation  their  strati- 
graphy was  sketched  in  the  field. 

For  purposes  of  reference,  I  append  Professor  Lesley's  compiled 
section  of  Lower  Productive  coal-measures,  as  typical  in  the  First 
Basin,*  extended  by  Mr.  John  Fulton's  section  ;t  and  also  a  com- 
piled section  of  the  Upper  Productive  coal-measures  in  Somerset 
county,  from  the  same  volume  (p.  287). 


Upper  Productive  Co 
215  Feet. 

Sandstone, 

al-Measdres, 
feet.    inxhes. 

.       40            0 

FEET.     INCHES. 

Interval,         .         .         .         .10 
Coal,  Rider  of  Pittsburgh,     .      3 
Slate,     4 

Uniontown  coal,     . 

.       2 

Ij 

Pittsburgh  coal,     . 

10 

Clay,      .... 

.       1 

6 

Interval,         .... 

54 

Uniontown  limestone,    . 
Interval, 

.     12 
.    45 

4 

Lower    Barren    Measures 

,    550    TO 

Coal,      .... 

.       1 

600  Feet. 

Interval, 

8  to  10 

Little  Pittsburgh  coal,  . 

2 

Sewickley  coal, 

Sewickley  limestone,     . 

Interval, 

Redstone  coal. 

Interval, 

Redstone  limestone, 

.       2 

.     10 
.    44 
.      3 
.       3 
.     13 

2J 
11 
1 

Little  Pittsburgh  limestone,  . 
Interval,         .... 
Coal,  small,    .... 
Slaty  standstone  and  iron  ore. 
Coal,  small,    .... 
Interval 

5 

17 

13 
38 

*  Report  H3,  297.  f  Ibid.,  p.  307. 
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FEET.     INCHES, 

FEET.      INCHES. 

Coal 

1 

Interval,         .... 

60 

Slate, 

8 

Middle  Freeport  coal-bed,  D', 

2        6 

Interval :  Equivalentof  Mor- 

Middle     Freeport    limestone 

gantown  sandstone,     . 

62 

(frequently  wanting). 

Elk  Lick  coal-bed,          .       2 

to  4 

9 

Interval,         .... 

60 

Interval,         .... 

25 

Lower  Freeport  coal,  D,  aver- 

Elk Lick  limestone,       .      5  to  10 

aging,          .... 

3 

Interval,         .        .        •    65  to  70 

Lower     Freepoi't    limestone. 

Berlin  coal-bed,      . 

3 

8 

Johnstown      cement  -  bed. 

Interval,         .... 

10 

Almost     universally     pre- 

» 

Berlin  limestone,  . 

8 

sent      in     Somerset      and 

Slate  and  shale, 

5 

southern    part  of  Cambria 

Piatt  coal-bed  and  slate, 

7 

county,     but     wanting     in 

Interval,         .... 

60 

northern    part  of  Cambria 

Price  coal-bed, 

4 

and  in  Clearfield  and  Cen- 

1 

Interval,         .... 

60 

tre  counties, 

1 

Coleman  coal-bed. 

1 

10 

Interval,         .... 

50 

1 

Slate, 

6 

Kittanning  coal-bed,  C,  aver- 

! 

Coleman  limestone. 

3 

aging,          .... 

1        6 

» 

Interval,        .... 

40 

Interval,         .... 

30 

Philson  or  Kose  coal-bed. 

1 

6 

Coal-bed,  B^,  averaging. 

1 

Philson  limestone, 

3 

Interval,         .... 

20 

Interval :  Place  of  Johnstown 

Clarion  coal-bed,  B, 

4 

i 

iron  ore  (near  bottom). 

40 

Interval,         .... 

24 

\ 

I 

Gallitzin  coal. 

1 

8 

Coal-bed,  A',  averaging. 

1 

jt 

Mahoning  sandstone. 

60 

Interval,         .... 

20 

1 

*LowER  Productive  Coal-Measures, 
300  -f  Feet. 

Brookville  coal-bed.  A,  aver- 
aging  4 

f  Piedmont  sandstone,  .    50  to  75 

1 

Upper  Freeport  coal-bed,  E, . 

4 

<  Mt.  Savage  coal-bed, 

2 

Upper    Freeport     limestone 
(frequently  wanting), 

1 

V  Pottsville  conglomerate. 

100  + 

*  Lower  Productive  Coal-Measures. 


Mahoning  sandstone. 
Freeport  upper  coal  (E). 
Freeport  upper  limestone. 
Freeport  lower  coal  (D). 
Freeport  lower  limestone. 
Kittanning  upper  coal  (C). 
Johnstown  cement-bed. 
Kittanning  middle  coal  (C). 


{New  System,  Reports  H-^,  F2.) 
Coal-bed  (B^. 


Kittanning  lower  coal  (B). 
Ferriferous  limestone. 
Clarion  upper  coal. 
Clarion  lower  coal  (A'). 
Clarion  sandstone. 
Brookville  coal  (A). 


I 
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Analyses  of  Somerset  Counfi/  Coals,  by  Andreio  S.  McCreath.     Compiled  Jrom 

Report  H^  {187 7). 


Pittsburgh  Coal-bed,  Salisbui'y  Basin. 


NAME  OF  MINE. 


Thickness. 


Beachy.  Upper  bench !  9' 

•  Im.  Anspach  ifc  Co.,  Upper  bench....    9' 

,  \\\>t  .Salisbury 7'9" 

-■-■•!  iV:  Kfim.  Upper  bench 

■til  &  Manufacturing  Co I  9' 

i  lV  Elk  Lick  Co 1  8'6" 

„ '  9' 


8'  I  1.680 

8"  !  I.I'.IO 

7'2"  1  1.4  to 

7'  l.tit).') 

7'  I  1.0.")0 

81 U"  l.:!>^'"> 

S'i'^  !  1.G30 


21.010  C9.016  0.764 

21.000  06.907  i  0.713 
21. 2S")  69.677,  0.693 
22.3r)0  6S.774!  1.246 
19.610  70.2391  0.761 
21.470,  69. 3.y2  0.703 
19.965  66.510  0.775 


Barren  Measure  Coal-beds. 


Berlin  Coal-bed,  Blue  Lick  Valley. 


W.G.  Walker,  (Upper) 

H.  Coleman,  (Upper)  .Standard  Coal  Co... 

S.  P.  Fritz,  (L'pper) 

Weighley  (Lowerj  (Piatt  Coal) 


Price  Coal. 


T.  Price,  Berlin. 


Philton  Coal  (Rose). 

P.  A  B.  Coal,  Coke  &  I.  Co.,  Ursina  (Lump) 
P.*  B. Coal, Coke  &  I.  Co.,  Ursina  (Slack) 


4' 

3' 

S'lO" 

3'5" 

4'9" 

4'4" 

4'2" 

3'2" 

4' 

3' 

6' 

6' 

6' 

6' 

1.945  I  21.935  68.544  1.161 

2.010  ,  20.535  68.321  0.744 

1.625    22.700  67.467  0.803 

1,000    18.175  53.521  5.384 
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IMPROVEMEXTS    IX    COAL-WA SUING,  ELEVATING,  AND 
CONVEYING  MACHINERY. 

BY   S.    STUTZ,   M.E.,    PITTSBURGH,    PA. 

Three  years  asco,  at  the  Philadelphia  incctiiig;,  in  Febnmry,  1881, 
the  autiior  had  the  pleasure  of  presenting  to  the  Institute  a  paper 
on  coal-washing  niachinerv.*  Since  that  time  many  new  machines, 
with  imjwrtant  ini|M-ovements  and  labor-saving  apparatus,  have  been 
intriHluced,  the  construction  and  description  of  which  may  be  of  in- 
terest to  some  of  the  members  of  the  Institute.  By  referring  to  the 
above-mentioned  paper,  and  more  esj)ecially  to.  Plate  IV,,  represent- 
ing a  vertical  section  of  a  coal-washer,  it  will  be  noticed  that  the 
bottom  of  the  plunger-box  B  is  made  level  or  horizontal,  and  sup- 
ports a  spring-buffer  F  for  the  purpose  of  limiting  the  down-stroke 
of  the  plunger  P  and  receiving  the  impacts  of  the  latter.  Although 
the  construction  of  the  box,  in  view  of  these  impacts,  received  from 
the  start  the  proper  attention  (the  bottotn  of  the  chamlier  B  being 
made  of  three  thicUncsses  of  3-inch  planks,  resting  on  6-inch  square 
columns),  yet,  through  careless  working  of  the  machinery,  without 
the  necessary  water  in  the  box,  it  proved  in  several  instances  not 
strong  enough,  and  had  to  be  changed.  To  prevent  such  interrup- 
tions in  future,  it  became  necessary  to  devise  some  means  for  reliev- 
ing the  machine  from  the  impacts  of  the  plunger  altogether.  This 
has  been  accomplished  by  the  arrangement  shown  upon  Plate  I.  of 
this  paper,  representing  a  new  washer;  and  not  only  has  the  diffi- 
culty been  overcome,  but  also  some  other  advantages  have  been  ob- 
tained, as  will  be  seen  further  on. 

The  compartments  A,  A'  of  the  separator-box  have  been  set  upon 
heavy  cast-iron  brackets  B,  leaving  sufficient  space  below  the  bot- 
tom for  the  buffer  Pand  the  sediment-valve  K.  By  means  of  the 
plunger-rod  b  passing  through  the  stuffing-box  s  to  the  outside,  and 
provided  at  its  lower  end  with  a  shoe  a,  the  impacts  of  the  plunger 
are  now  transmitted  from  the  buffer  indirectly  to  the  foundation. 
At  the  same  time  a  better  guide  for  the  plunger  P  in  its  up  and 
down  movement  has  been  obtained.  The  plunger  of  the  former  ma- 
chine had  only  the  guide  Jand  the  yoke  Y,  whereas  the  new  machine 
has  an  additional  guide  in  the  stuffing-box  s,  thus  preventing  wear 
and  friction  of  the  plunger  against  the  lining  of  the  box.     Further- 

*  Transactions,  vol.  ix.,  page  461. 
VOL.  XJI.— 32 
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more,  tlie  rnecbanism  for  regulating  the  stroke  of  the  plunger  has 
been  simplified  in  dispensing  with  the  hand-wheel.  The  screw-nut 
e,  swiveled  to  the  yoke  Y,  is  provided  with  a  long  thread  to  receive 
the  upper  end  of  the  plunger-rod  b,  and  is  made  of  steel,  sufficiently 
strong  for  all  purposes.  It  is  provided  with  four  notches  n,  into 
which  a  piece  of  iron  can  be  engaged  ;  and,  by  turning  to  the  right  or 
left,  the  yoke  Y  is  raised  or  lowered  as  may  be  required.  Thus  it 
is  very  easy  to  get  the  proper  stroke  for  any  kind  of  material,  or  to 
set  the  machine  out  of  operation  altogether,  if  necessary.  With  the 
exception  of  the  gate  0  for  the  outlet  of  the  impurities,  the  other 
parts  of  the  machine  are  left  the  same  as  before.  The  bottom  of  the 
plunger-box  being  now  inclined  towards  the  sieve-chamber,  less 
power  or  less  weight  of  the  plunger  is  required  to  produce  the  same 
action  of  the  water  as  was  obtained  in  the  former  machine.  The 
operation  of  the  present  machine  is  the  same  as  previously  described. 
Fresh  water  is  taken  in  through  G,  and  the  slack-coal,  brought  upon 
the  sieve  S  by  means  of  the  chute  J,  is  separated  into  coal  and  im- 
purities, while  passing  from  the  rear  to  the  front  of  the  machine. 
The  clean  coal,  delivered  over  the  bridge  il/into  the  channel  C,  goes 
to  the  elevator  E,  which  brings  it  into  storage-bins,  while  the  impu- 
rities pass  through  the  gate  opening  0  into  the  chamber  W,  and 
thence  through  the  opening  0'  to  the  trough  7',  where  they  are  car- 
ried away  by  the  action  of  the  waste  water.  A  number  of  the  new 
machines  have  been  erected  during  the  last  two  years,  and  give  full 
satisfaction  in  every  respect.  They  are  considered  the  best  iii  the 
market,  and  offer  the  following  important  advantages  : 

1.  The  use  of  a  differential  cam  for  the  working  of  the  plunger 
allows  to  the  material,  after  each  stroke,  the  necessary  time  to  deposit 
according  to  gravity.  An  eccentric  or  a  crank  cannot  produce  such  a 
movement. 

2.  The  use  of  valves  between  the  plunger-chamber  and  sieve- 
chamber  prevents  the  filtration  and  back-suction  of  the  water  during 
the  upward  stroke  of  the  plunger,  and  thus  saves  the  very  small 
coal,  which  otlierwise  will  pass  through  the  meshes  of  the  sieve  and 
go  to  waste. 

3.  Thereis  a  saving  of  motive  power  in  the  working  of  the  washer. 
The  body  of  the  water  in  the  box  A  being  divided  by  the  partition 
N,  the  inertia  of  the  small  part  above  the  latter  has  only  to  be  over- 
come. 

4.  The  current  of  the  water  produced  by  the  plunger  P  not  only 
lifts  up  the  material  upon  the  sieve  8  to  effect  the  separation,  but 


f 
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also  moves  the  separateil  parts,  coal  ami  impurities,  towards  the  de- 
liverv-hridi^e  J/and  gate  0  resj)eetively.  This  is  especially  valu- 
able, since  ihe  continuous  ami  rcijular  separation  of  material  con- 
tainiuj;  heavy  imimrities,  such  as  iron  pyrites,  fire-clay,  etc.,  is 
assureil. 

5.  There  is  great  economy  of  water.  In  the  older  machines  the 
separate<l  coal  is  floated  out  of  the  apparatus  at  the  expense  of  an 
enormous  volume  of  water;  yet  the  impurities  liave  to  be  removed 
from  the  sieve  by  the  shovel,  thus  interrupting  the  working  of  the 
machine  and  making  it  intermittent  and  wasteful. 

G.  Tiie  forming  of  a  special  receptacle  below  the  partition  TVallows 
the  fine  particles  of  pyrites,  slate,  etc.,  falling  through  the  meshes  of 
the  sieve,  to  settle.  Thus  the  clean  water  is  not  mixed  with  the 
slimy  sediments,  and  the  latter  are  not  forced  back  again  into  the 
material. 

7.  This  machine  has  greater  capacity  per  square  foot  of  sieve-sur- 
face, with  less  water,  than  any  other  in  use.  An  apparatus  of,  say, 
two  sieves,  3  feet  by  4  feet  9  inches,  or  2SJ  square  ieet  surface,  can 
wash  properly  from  200  to  250  tons  of  coal  per  day  of  ten  hours 
with  from  300  to  500  gallons  of  water  per  ton  of  coal,  according  to 
percentage  of  impurities,  or  about  7  to  9  tons  per  square  foot  of 
sieve-surface.  The  cost  of  washing  will  be  from  2  to  5  cents  per  ton, 
according  to  locality  and  arrangements. 

Elevators. — The  hoisting  or  elevating  apparatus  is,  especially  as  a 
labor-saving  device,  an  important  part  of  the  washing  machinery, 
and  requires  close  attention.  Its  object  is  first  to  bring  the  material 
to  be  separated  to  the  machinery,  and  afterwards  to  deliver  the  dif- 
ferent parts  to  storage- bins  or  ears.  For  handling  minerals  or  heavy 
substances,  the  elevators  are  usually  composed  of  endless  chains  and 
buckets,  caused  to  move  around  polygonal  pulleys  or  sheaves.  A 
steady  movement  without  jerking  or  slipping  of  the  chains  is  very 
desirable.  Chains  formed  of  common  flat  iron  links  render  such  a 
movement  difficult  and  often  impossible,  no  means  being  provided 
to  prevent  slipping.  The  apparatus  shown  on  Plates  II.  and  III. 
gives  great  satisfaction,  and  insures  a  steady  and  continuous  work- 
ing. The  chains  are  composed  of  malleable  iron  or  steel  links  spe- 
cially designed  for  the  purpose,  and  connected  by  means  of  rivets  or 
bolts  and  nuts.  Each  link  is  provided  with  lateral  projections,  r, 
which  regularly,  at  the  proper  time,  are  taken  up  by  corresponding 
teeth,  t,  of  the  polygonal  sprocket-wheels,  P,  as  shown  by  Figures 
1  and  2  of  Plate  II.     Thus  the  chain  is  carried  around  with  the 
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wheels,  perfectly  secured  and  maintained,  no  slipping  or  jerking 
being  possible,  till  it  arrives  at  the  rear,  where  it  is  developed  again 
and  set  free.  Rods,  /?,  reaching  across  from  one  chain  to  the  other, 
support  the  buckets  k.  They  are  kept  in  place  by  screw-nuts  and 
pieces  of  gas-pipe  o  inserted  between  the  links  and  the  buckets. 
According  to  the  dimensions  of  the  latter,  links  are  made  of  different 
sizes  and  length.  Figures  3  and  4  represent  8-inch  and  6-inch 
links,  with  either  two  or  four  lateral  projections  r.  They  are  always 
well-proportioned,  and  have  large  wearing-surfaces  at  their  connect- 
ing-points. The  sprocket-wheels  P  have  independent  angle-pieces, 
m,  with  their  teeth,  t,  which  are  riveted  or  bolted  to  the  sides.  The 
teeth  may  also  be  cast  with  the  wheel  in  a  single  piece,  as  shown  by 
Plate  III.  The  upper  pillow-blocks,  supporting  the  sprocket-wheels 
and  the  chains,  are  fixed  movably  upon  guide-plates,  C,  and  can  be 
lowered  and  raised  by  means  of  the  set-screws  s.  Elevators  may 
receive  an  inclined  or  vertical  position,  or  a  combination  of  both 
together.  The  inclination  of  the  apparatus  on  Plate  II.  is  60  de- 
grees, with  half-bushel  buckets  attached  to  8-inch  links.  It  receives 
movement  by  the  pulley  D,  and  takes  the  material  from  the  bin  G^ 
to  the  delivery-chute  P.  The  ordinary  speed  is  about  15  revolu- 
tions per  minute,  and  the  capacity,  with  seven-sided  sprocket-wheels, 

7x15 

—  =  26J  buckets  =  13  bushels,  or  about  300  tons  per  day  of 

ten  hours.  With  a  speed  of  20  revolutions  per  minute  such  an 
apparatus  can  hoist  and  deliver  400  tons  of  material  per  day  of  ten 
hours.  An  elev^ator  raising  its  load  vertically  is  illustrated  upon 
Plate  III.  It  has  quarter-bushel  buckets,  attached  to  5-inch  links, 
and  is  caused  to  move  around  twelve-sided  sprocket-wheels  P.  The 
links  and  buckets  are  connected  in  the  same  way  as  previously  de- 
scribed, and  their  form  and  dimensions  only  are  different.  But  a 
special  mechanism  for  delivering  the  material  has  been  added  to  the 
wheels.  As  the  receiving-trough  or  chute  C  has  to  be  set  outside 
the  return  passage  of  the  buckets  k,  the  material  emptied  out  of  the 
latter  would  not  be  delivered,  but  would  fall  on  the  back  of  the 
preceding  bucket,  and  down  again  to  the  bin  G,  but  for  the  addi- 
tional mechanism.  For  this  purpose,  the  inclined  planes  c  are  fixed 
between  the  sprocket-wheels  P  in  such  a  manner,  that  turning  around 
with  the  latter,  between  the  chains,  they  invariably  mesh  in  in  front 
of  each  ascending  bucket,  and  ])recede  the  latter  to  the  delivery  side, 
where  they  first  receive  the  material,  to  let  it  slide  afterwards  into 
the  receptacle  C,  as  may  be  seen  from  the  drawing.     Their  object, 
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therefore,  is  to  bridg-e  over  the  space  between  the  receptacle  and  the 
buckets.  This  method  is  far  preferable  to  the  one  frequently  used, 
consisting  in  the  run  of  the  elevator  at  high  speed,  whereby  the  con- 
tents of  tiie  buckets  are  drawn  over  into  the  receiving  chute.  Of  all 
the  systems  employed,  that  certainly  is  the  worst,  since  it  renders 
necessarv  the  tVcqnent  renewing  of  the  chains. 

A  mixeil  system  of  elevators,  which  is  working  very  satisfactorily, 
is  shown  u|)on  IMate  V.  It  is  vertical  in  its  lower  j)art  and  inclined 
at  CO  degrees  on  top  for  the  convenient  delivery  of  the  material. 
Instead  of  running  both  chains  inclined,  the  return-chains  only  are 
often  bent  l>eIow  the  top  wheels  to  bring  the  receptacle  near  enough, 
but  this  requires  larger  wheels  and  increases  friction.  ]\Iost  of  the 
power  necessarv  to  drive  elevators  is  consumed  in  overcoming  fiic- 
tion.  It  is  advisable  to  make  the  links  forming  the  chains  as  long 
as  is  reasonably  practicable,  consistently  with  the  buckets  or  pans  of 
the  apparatus.  For  supporting  and  guiding  the  upper  or  ascending 
chains  between  the  wheels,  sliort  pieces  of  angle-iron  and  stationary 
friction-rollers  are  preferable  to  loose  and  movable  rollers.  The 
latter  are  expensive  to  keep  up,  and  make  the  chain  too  complicated. 

Conceyers. — Another  great  labor-saving  apparatus  for  handling  or 
carrying  minerals  and  other  heavy  substances  from  one  place  to  an- 
other, is  the  conveyer,  represented  upon  Plate  IV.  It  consists,  simi- 
larly to  the  elevators,  of  endless  chains,  formed  of  pivotally-con- 
uected  links,  pans  or  plates,  secured  to  and  carried  by  the  links, 
sprocket-wheels  for  driving  the  chains,  and  rollers  for  su[)porting  and 
guiding  the  table  between  the  wheels.  A  represents  a  framework  of 
timber  on  which  are  mounted  the  shafts  a  «' journaled  in  pillow- 
blocks  a".  Each  shaft  has  two  sprocket-wheels  £"  supporting  the 
endless  chains  C  C.  The  pillow-blocks  of  one  of  the  shafts  a  a', 
or  of  both  if  desired,  are  set  upon  guide-plates  g  g\  and  made  ad- 
justable by  set-screws  g  in  order  to  tighten  or  loosen  the  chains.  Pro- 
jecting lugs  or  sprockets  e  are  cast  on  the  perij)hery-sides  of  the 
wheels,  by  preference  one  after  the  other  side.  These  lugs  are  de- 
signed to  engage  the  links  of  the  chains  and  prevent  the  latter,  by 
means  of  corresponding  projections,  r.  Fig.  3,  from  slipping,  in  which- 
ever direction  the  table  may  be  caused  to  move.  The  links  are  of 
the  game  kind  as  previously  described  and  used  for  the  elevators, 
with  an  eye  at  one  end  and  a  socket  at  the  opposite  end  adapted  to 
receive  the  adjacent  link,  and  a  pair  of  projections  r  near  each  con- 
necting end.  At  or  near  the  centre  of  each  link,  a  flattened  base  or 
attachment  p  is  formed  to  receive  the  sheet-metal  pans  or  plates  m 
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of  the  conveying-table.  The  width  of  the  plates  is  about  equal  to 
the  length  of  the  links.  They  are  secured  either  by  means  of  bolts 
and  nuts  or  rivets.  As  is  shown  by  the  drawing,  Fig.  1,  the  forward 
or  leading  edge  of  each  plate  overlaps  the  rear  or  following  edge  of 
the  preceding  pan.  This  is  necessary,  and  of  great  importance  to 
form  and  maintain  a  close  and  tight  joint  between  successive  plates 
while  turning  around  the  angles  of  the  wheels.  Waste  of  small 
coal  or  minerals,  etc.,  is  thus  entirely  avoided.  As  a  means  for  guid- 
ing and  supporting  the  table  between  the  driving-wheels,  friction 
rollers  n  reaching  across  the  table  are  employed  for  the  upper  part 
and  its  load,  while  for  the  return  or  lower  part,  small  malleable  iron 
rollers,  n',  Fig.  4,  in  any  desired  number,  suitably  mounted  on  metal 
frames,  are  fastened  by  rivets  or  otherwise  to  the  upper  or  carrying 
face  of  the  plates  m.  These  rollers,  in  the  under  or  lower  passage 
of  the  conveyer,  from  wiieel  to  wheel,  travel  or  ride  upon  suitable 
stringers  or  beams  A  secured  to  the  framework  A.  It  is  preferable 
to  fasten  them  immediately  over  the  carrying  chains,  in  connection 
with  the  attachments  of  the  links.  Large  tables,  designed  to  carry 
heavy  minerals,  etc.,  require  three  or  more  chains  to  prevent  bending 
or  sagging  of  the  pans  in  the  centre.  In  order  to  hold  the  mineral 
or  earth  to  be  conveyed  upon  the  plates  of  the  table,  side-boards  R 
supported  by  brackets  d  are  employed,  as  shown  in  Figures  1  and  2. 
The  brackets  are  fixed  to  the  timber  of  the  frame  A.  Sufficient 
clearance  must  be  provided  between  the  lower  edge  of  the  sides  and 
the  upper  surface  of  the  conveyer-pans  to  prevent  friction.  If  de- 
sired, however,  the  ends  of  the  conveyer-plates  may  be  bent  upwards 
at  an  angle  and  serve  the  same  purpose  as  the  sides  R  in  preventing 
the  falling  over  of  the  mineral,  etc.,  or  in  many  cases  guards  may  be 
omitted  entirely.  It  is,  however,  preferable,  when  any  provision  of 
this  kind  is  needed,  to  use  the  fixed  side-boards  R,  because  the  pans 
are  not  loaded  thereby,  and  they  are  also  free  from  the  liability  to 
become  choked  or  bent,  so  as  to  interfere  with  the  proper  working  of 
the  table.  Provision  for  charging  the  minerals,  etc.,  upon  the  table, 
may  be  made  by  means  of  hoppers,  or  otherwise,  as  will  be  shown 
hereafter. 

Arrangement  and  Diftposition  of  Elevators  and  Conveyers. — This 
part  of  the  [naper  is  intended  to  illustrate  some  of  the  many  cases  to 
which  this  kind  of  machinery  may  be  profitably  applied.  Plate  V. 
is  a  part  of  the  coking-plant  at  the  Long  Run  mine.  New  Beth- 
lehem, Pa.,  and  shows  the  arrangement  of  two  vertical  elevators 
E  E'  in  combination  with  the  conveyer  C  to  bring  the  slack  coal  to 
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the  washing  niarhinerv.  On  the  loft-hand  ^:itle  is  the  washer-build- 
ing with  the  j^eparator  ^l  at  the  ground  Hour  and  a  4-roll  crusher 
R  above  it.  Two  railroad-tracks  are  in  front  of  the  building,  one 
for  lump  coal  or  the  run  of  the  mine,  and  the  other  for  nut  coal  and 
unwas^hevl  slack.  The  coal  intended  to  be  washed  is  collected  in  the 
hopper  H  to  be  fed  into  the  crusher-rolls,  by  means  of  the  conveyer 
C  The  dirterent  apparatus  have  been  designed  in  view  of  handling 
200  to  250  tons  of  slack  coal  per  day.  During  the  regular  or  nor- 
mal run  of  the  works  all  the  slack  may  be  easily  taken  away  by  the 
conveyer,  but  it  often  happens  that  railroad  cars  have  to  be  loaded 
in  a  very  short  time,  and,  owing  to  the  small  capacity  of  the  hopper 
//,  it  became  ne<.>essary  to  provide  for  some  additional  storage-room. 
This  has  been  accomplished  by  means  of  an  auxiliary  bin  J3  between 
the  tracks  and  the  building,  holding  about  150  tons.  Dumping  and 
loading  may  thus  be  done  at  almost  any  rate  of  speed,  the  surplus 
slack  being  let  into  the  bin,  and  does  not  interfere  with  the  regular' 
working  of  the  machinery.  The  object  of  the  two  short  elevators 
JE  E'  is  to  hoist  this  coal  up  again,  when  needed,  without  any  extra 
labor  or  additional  expense.  As  long  as  the  conveyor  is  supplied 
with  coal  from  the  hopper  H  the  elevators  are  at  rest.  They  receive 
motion  from  the  shaft  a  by  means  of  a  counter-shaft  h  and  cog- 
wheels e  c'.  Both  are  provided  with  friction-clutches  //',  operated 
by  levers  /  I',  and  may  be  run  independently  one  from  the  other. 
Usually  only  one  of  them  is  at  work  at  the  time.  The  buckets  k 
deliver  the  coal  upon  the  inclined  chute  c  c',  by  which  it  goes  to  the 
conveyer,  and  thence  to  the  separating  machinery.  The  length  of 
the  table  is  17  feet  6  inches  between  the  centres  of  shafts,  by  36 
inches  width.  Its  speed  is  only  about  40  feet  per  minute.  No  side- 
boards or  guards  are  used  here.  Two  men  attend  to  all  the  ma- 
chinery, the  machinist  and  his  assistant. 

Plate  ^'I.  represents  a  different  arrangement  from  the  former, 
which,  however,  has  the  same  object  in  view,  namely,  the  handling 
of  the  surplus  slack,  produced  at  certain  hours  of  the  day,  without 
additional  expense  of  labor.  It  is  a  part  of  the  coking-plant  at  the 
Rochester  mines,  Dubois,  Pa.,  with  the  coal-tipples  in  the  cen- 
tre, a  large  auxiliary  slack-bin  B  to  the  right,  and  a  part  of  the 
coal-washer  building  to  the  left-hand  side.  ^  £"  are  two  inclined 
elevators  to  deliver  the  slack  from  below  the  screens.  Their  capacity 
is  alx)ut  250  tons  each  per  day  of  ten  hours.  While  dumping  coal 
into  railroad  cars  at  the  normal  speed,  the  elevator  E  leading  to  the 
washing-machinery  is  quite  sufficient  to  handle  all  the  slack  pro- 
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duced,  but  the  time  allowed  for  unloading  pit-cars  is  very  irregular. 
In  the  morning,  between  the  hours  of  7  and  10  o'clock,  relatively 
few  cars  are  taken  out  of  the  mine,  because  this  time  is  required  by 
the  miners  to  loosen  the  coal  and  get  ready  for  the  day's  work.  Most 
of  the  coal  is  loaded  between  the  hours  of  10  and  3  P.M.,  and  dump- 
ing is  usually  very  lively  about  noon.  A  greater  amount  of  slack 
is  then  produced  than  the  elevator  E  can  take  away.  Before  the 
erection  of  the  second  elevator  U',  and  the  auxiliary  storage-bin  B, 
the  surplus  had  been  very  troublesome,  interfering  with  the  regular 
working  of  the  washer.  Two  boys  and  two  mules  were  kept 
busy  to  haul  a  part  of  the  slack  to  the  dump  and  bring  it  back 
again  afterwards.  That  such  a  system  of  working  could  not  pay,  is 
easily  to  be  seen.  After  this  had  been  carried  on  for  some  time,  the 
writer  was  consulted,  and  proposed  the  arrangement  shown  by  the 
drawing,  viz.,  an  additional  elevator  E',  taking  the  surplus  slack  into 
the  storage-bin  B,  and  a  conveyer  C  to  bring  the  same  back  again 
when  needed,  the  mechanism  to  be  arranged  in  such  a  manner,  that 
either  part  may  be  worked  independently,  or  both  apparatus  set  out 
of  motion.  This  has  been  carried  out,  and  gives  full  satisfaction. 
The  elevator  is  of  the  kind  shown  upon  Plate  II.,  with  half-biishel 
buckets,  and  about  56  feet  long  between  the  shaft-centres.  Provi- 
sion is  made  for  about  300  tons  of  slack.  At  the  bottom  of  the  bin 
B  are  three  gate-openings  i  to  let  the  slack  out  again  upon  the  table 
of  the  conveyer  C.  The  latter  is  located  on  the  side  of  the  elevator, 
and  passes  through  the  middle  of  the  storage-room  about  2  feet  below 
its  bottom.  It  is  54  feet  9  inches  long,  from  centre  to  centre  of 
shafts,  by  24  inches  width  of  table,  and  the  same  in  construction  as 
shown  upon  Plate  IV.  The  necessary  power  to  di'ive  the  elevator 
and  the  conveyer  is  obtained  from  the  main  shaft  a  of  the  washing- 
machinery,  and,  by  means  of  the  pulleys  j)  p'  and  a  wire  rope,  is 
transmitted  to  the  counter-shaft  b.  The  latter,  by  means  of  two  sets 
of  bevel  wheels  lo  lo',  and  an  inclined  shaft,  running  outside  and 
along  the  elevator-post,  transmits  motion  to  the  upper  chain-wheels 
of  the  elevator  E'.  A  second  counter-shaft  h',  also  receiving  motion 
from  the  shaft  b  through  the  spur-wheels  e  e',  gives  motion  to  the 
conveyer.  This  is  done  by  the  pulleys  g  g'  and  a  rubber  belt.  The 
pinions  e  and  zt?  are  connected  with  the  female  i)arts  of  the  friction- 
clutches//' respectively,  and  receive  motion  only  when  the  clutches 
are  set  in.  As  soon  as  the  slack  commences  to  accumulate  before 
the  buckets  of  the  elevator  E,  the  second  elevator  E'  is  started  by 
setting  the  clutch/'  tight.     The  surplus  is  then  taken  to  the  bin  B 
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until  its  volume  has  diininisluxl  to  that  required  by  the  washer.  The 
eluteh^"'  is  now  drawn  out  again,  or  tiie  elevator  allowed  to  run 
empty.  To  start  the  conveyer  C  the  clutch  /is  pushed  in,  and,  as 
the  male  parts  of  both  clutchers  are  connected  together,  this  will  set 
the  elevator  E'  out  of  motion.  One  or  more  gates  i  below  the  bot- 
tom of  the  bin  are  then  slightly  opened,  to  let  the  slack  upon  the 
table  and  back  again  to  tiie  foot  of  the  elevator  E.  No  extra  labor 
is  needetl ;  the  work  is  performed  by  the  engine  which  runs  the 
washiuij-machinerv. 


ISOTE    OX    THE   PEESENCE    OF   LITHIA    IN'    OHIO   FIEE- 

CLA  YS. 

BY  PROF.  N".  "W.  LORD,  STATE  UNIVERSITY,  COLUMBUS,  O. 

Having  recently  had  occasion  to  make  a  series  of  analyses  of 
tire-clays  for  the  present  Ohio  Geological  Survey,  I  found  that  the 
amounts  of  potash  and  soda  determined  indirectly  by  measuring 
the  chlorides  volumetrically  did  not  "check"  with  those  obtained 
directlv.  Investigation  with  the  spectroscope  showed  the  presence 
of  lUhia  in  what  seemed  very  appreciable  quantities.  The  exami- 
nation was  made  of  a  considerable  number  of  samples,  and  in  every 
case  this  element  was  found,  though  in  varying  amounts,  as  judged 
by  the  intensity  of  the  spectrum. 

To  guard  against  error  from  the  impurity  of  reagents,  the  whole 
process  was  repeated,  using  the  same  reagents  in  corresponding 
amounts,  but  leaving  out  the  clay.  In  no  case  did  these  "  blanks" 
show  lithia;  hence  the  presence  of  this  element  in  the  clays  seemed 
to  be  established  conclusively.  In  the  same  series  of  analyses,  ti- 
tanic acid,  in  amounts  varying  from  three-tenths  to  nearly  two  per 
cent.,  was  found.  The  presence  of  titanium  was  first  observed  in 
the  Ohio  clays,  nearly  three  years  ago,  in  the  examination  of  clays 
from  Logan.  The  occurrence  of  this  element  is,  of  course,  not  un- 
usual in  clay,  but  I  believe  that  none  of  the  published  analyses  of 
Ohio  clays  give  it;  certainly  none  of  the  former  Ohio  geological 
reports  sj)eak  of  its  presence. 

The  following  analyses  show  both  the  above  ingredients.  They 
were  made  during  the  summer  of  1883. 
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Combined  silica, 

Quartz  sand, 

Alumina, 

Oxide  of  iron, 

Lime, 

Magnesia,     . 

Titanic  acid, 

Potash, 

Soda  and  lithia,  . 

Combined  water, . 

Moisture  (at  100°  C), 


1. 

2. 

3. 

39.03 

37.92 

29.22 

15.50 

13.80 

31.34 

27.88 

30.10 

24.97 

2.41 

1.94 

1.66 

0.42 

0.62 

0.63 

0.68 

0.53 

0.40 

1.26 

1.85 

1.30 

331 

2.74 

0.28 

0.12 

trace 

trace 

8.17 

9.95 

8.90 

.76 

1.05 

1.69 

100.66 


100.50 


100.39 
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BY  PROF.  N.  W.  LORD,  COLUMBUS,  ODIO. 

There  have  been  made  at  one  or  two  places  in  Ohio,  during  the  last 
year  or  two,  some  irons  of  rather  unusual  phosphorus-percentages. 

The  first  of  these  which  I  had  occasion  to  examine  came  from 
Moxahala  Furnace,  in  Perry  county.  The  furnace  was  built  origi- 
nally to  smelt  an  ore  found  in  large  deposits  near  its  furnace  in  the 
"  black  band"  horizon.  The  deposit  was  easily  expo.sed  by  simple 
"stripping;"  it  was  from  six  to  eight  feet  thick,  being  a  blue  car- 
bonate ore,  very  free  from  silica.  This  ore  yielded,  on  analysis, 
from  two  to  3  per  cent,  of  phosphorus,  when  carefully  sampled. 

The  furnace  company  had  trusted  entirely  to  old  analyses  made 
on  "outcrop"  ore,  well  weathered,  and  received  all  other  results 
with  indifference.  The  result  of  the  first  run  of  the  furnace  was  an 
iron  in  large  whitish-gray  crystals,  and  so  brittle  that  it  could  be 
pulverized  in  a  mortar.  This  iron  contained  4.90  per  cent,  phos- 
phorus. A  limited  quantity  only  was  made,  which  was  gradually 
disposed  of  as  a  great  "softener"  to  foundries.  The  ]\[oxahala 
Furnace  was  subsequently  run  on  Lake  Superior  ore  mainly. 

The  second  case  of  such  iron  occurred  last  summer  at  Mt.  Vernon 
Furnace.  A  deposit  of  what  was  locally  known  as  "  Hallelujah  " 
ore,  was  opened  for  the  furnace.  This  ore  was  a  blue  carbonate, 
similar  to  the  first-described. 

The  iron  made  was  pure  tin-white  in  color,  and  showed  large 
crystals  without  a  trace  qf  the  grain  of  ordinary  pig-iron.  It  was 
supposed  at  the  furnace  to  be  spiegeleisen,  and  was  sent  to  me  to  be 
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exaniiiKKl  for  manganose,  of  wliioli,  however,  it  only  contains  a 
small  amount.  It,  however,  contains  phosphorus,  4.30  per  cent.; 
silicon,  .05  per  cent. 

It  is  remarkable  in  its  very  low  silicon  percentage.  This  element 
was  determined  by  Dr.  Prown's  nitric  and  sulphuric  acid  metho(Js. 

Tiie  iron  contains  no  graphitic  carbon,  but  dissolves  completely 
in  nitric  acid  to  a  brown  solution.  Tiie  carbon  was  not  determined, 
owing  to  i^ressure  of  other  work. 

The  above  facts  show  that  when  basic  steel-manufacturers  want 
an  iron  with  little  silicon,  and  4  to  5  percent,  of  phosphorus,  we  can 
furnish  it  ad  libitum. 


SULPHUB  BETERMINATION  IN  STEEL. 

BY  M^\GXUS  TROILIUS,   MIDTALE  STEEL  WORKS,  NICETOWN, 
PHILADELPHIA,  PA. 

The  method  of  using  the  bromine  process  of  determining  sulphur 
in  steel,  described  below,  is  in  successful  use  at  the  Mid  vale  Steel 
Works. 

Ten  grams  of  drillings  are  weighed  out  and  put  into  the  |-liter 
flask  A,  with  long  neck.  The  flask  is  connected  with  a  wide  glass 
tube  C,  which,  in  its  turn,  is  connected  with  the  absorption  bulbs  B, 
containing  HCl,  1.12  specific  gravity,  and  about  5  c.c.  of  bromine. 
The  wide  tube  C  causes  the  vapor  to  condense  and  flow  back  into 
the  flask  A  during  boiling.  The  bulbs  B  connect  with  a  long  glass 
tube,  which  may  be  made  to  carry  off  the  bromine  fumes  through  a 
hole  in  a  window,  or,  better  still,  through  a  flue  with  powerful 
draught. 

The  connections  being  made,  100  c.c.  of  boiling  water  are  run  in 
through  the  thistle  tube  T.  The  air  is  thus  completely  driven  out 
of  the  flask.  100  c.c.  of  HCl  (about  1.19  specific  gravity)  are  then 
run  in.  When  the  gas  begins  to  run  rather  slowly  through  B,  heat 
is  applied  until  boiling  gradually  ensues.  The  steel  being  com- 
pletely dissolved,  the  apparatus  is  disconnected,  and  the  contents  of 
B  rinsed  out  into  a  beaker  of  100  c.c.  capacity,  into  which  a  few 
c.c.  of  a  concentrated  solution  of  BaCIj  have  been  previously  intro- 
duced. Heat  is  then  applied  (best  by  means  of  the  hot  iron  plate) 
until  the  bromine  is  completely  driven  off  and  the  BaSO^  has  settled 
nicely  to  the  bottom.     The  BaSO^  is  then  filtered  off  on  a  small 
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double  filter,  washed  with  hot  water,  and  finally  ignited  and  weighed. 
The  filter  should  always  be  put  into  the  crucible  whilst  still  wet. 

The  method  now  described  is  very  rapid,  and  thus  very, useful  in 
practical  working,  but  it  is  at  the  same  time  scientifically  superior 
to, all  other  methods  for  determining  the  sulphur  in  steel  as  BaSO^, 
there  being  no  bases  present  by  which  the  BaSO^  can  be  contami- 
nated.    Even  for  pig-iron  the  method  answers  very  well,  no  appre- 


SCALE-1:5 


ciable  amount  of  sulphur  being  left  in  the  residue.  As  for  sulphur 
being  retained  in  the  residue  as  CuS,  when  the  amount  of  copper  is 
considerable,  this  is  a  matter  of  rare  occurrence,  and  the  presence  of 
1  per  cent,  of  copper  or  so  would  certainly  be  reason  enough  for  a 
special  searching  investigation,  not  necessary  during  running  work. 
A  steel  containing  .30  per  cent,  of  copper  gave  .16  [)er  cent,  of  sul- 
phur, both  by  the  aqua  regia*  and  the  bromine  method,  and  aspiegel 
with  9  per  cent,  of  Mn  and  ^  per  cent,  of  Cu  gave  traces  of  sulphur 
by  both  methods. 

During  the  |)assage  of  the  gas  through  B  oily  drops  of  propyl- 
bromide  are  formed,  which,  however,  disappear  on  heating. 

For  working  many  determinations  at  the  same  time,  it  is  conve- 
nient to  have  aiarire  number  of  lon<> -necked  flasks,  into  which  the 
different  samples  are  weighed  out,  and  a  corresponding  number  of 
bulbs,  filled  and  suspended  in  a  row  in  a  box  of  some  convenient 

*  Transactions,  1881,  p.  177. 
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form.  The  flasks  shoulil  be  perfeetly  dry  before  placing  the  drill- 
ings in  the  same. 

Some  chemists  of  standing  say  that  the  "  bromine"  method  gives 
too  low  results,  owing  not  to  incomplete  separation  of  tiie  sulphur  in 
the  gaseous  state,  but  to  the  formation  of  some  combination  with 
carbon,  which  cannot  be  retained  by  the  bromine  solution. 

"Whilst  I,  for  my  part,  do  not  consider  it  likely  that  any  such 
non-absorption  would  take  place,  I  may  add,  that  my  own  experience 
during  two  years  of  constant  practice  with  the  "  bromine  "  and 
"aqua  regia"  methods  has  shown,  that  it  is  very  difficult,  particu- 
larly in  the  case  of  pig-iron,  to  obtain  the  BaSO^  free  from  Si02,  not 
to  speak  of  other  contaminations  by  the  aqua  regia  method.  li',  to 
avoid  this  error,  a  very  high  temperature  be  used  for  separating  the 
silica  completely,  SO3  may  be  lost,  and  thus  too  low  results  obtained. 
The  dit!erences  in  results,  when  care  and  skill  are  used,  are  indeed  not 
greater  than  would  justify  the  conclusion  that  the  higher  results 
sometimes  obtained  by  the  aqua  regia  method  are  due  to  impurities 
contained  in  the  BaSO^. 


TABLES  FOR  FACILITATING  TEE  HEAT-CALCULATIONS  OF 
FURNACE-GASES  CONTAINING  CO,,  CO,  CII„  H,  AND  N. 

BY   MAGNUS    TEOILIUS,    MIDVALE   STEEL   "WORKS,   KICETOWN, 
PniLADELPIIIA,    PA. 

The  heat-calculations  of  gas-analyses  involve  cumbrous  multipli- 
cations, which  are  apt  to  lead  into  errors.  The  following  tables  and 
formulae  have  been  found  useful  as  facilitating  such  calculations,  and 
therefore  I  hope  that  they  will  be  of  interest  to  some  of  the  members. 

By  "heat-unit"  will,  in  the  following,  be  understood  the  amount 
of  heat  required  to  raise  the  temperature  of  1  kilogram  of  water  1° 
Cent. 

All  the  tables  refer  to  cubic  meters  at  0°  and  760  mm.  pressure. 

The  following  gas  is  chosen  as  an  example: 

CO2,  = 

CO,  = 

CH4,  = 

H,  = 

N,  =  

100.0 


4.0  vol. 

per 

cent 

20.0    " 

' 

3.5    " 

' 

7.0    " 

< 

65.5    " 

' 
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1.  Calorific  effect,  or  the  number  of  heat-units  that  can  be  devel- 
oped by  the  gas  on  complete  combustion  in  ])ure  air,  containing  by 
volume  one-fifth  oxygen  and  four-fifths  nitrogen. 

According  to  Bunsen  1  cm.  of  CO  at  0°  and  760  mm.  will  thus 
develop  3007  heat-units;  the  same  amount  of  CH^,  8482  heat-units 
(the  HgO  formed  passing  off  at  100°);  and  the  same  amount  of  H, 
2655  heat-units  (Hp  passing  off  at  100°). 

This  gives  us  the  following  table  : 

CO.  CH4.  H. 

Cubic  meters.                                       Ileat-units.  Heat-units.  Heat-units. 

1, 3,007  8,482  2,655 

2,            6,014  16,964  5,.310 

3 9,021  25,446  7,965 

4 12,028  33,928  10,620 

5 15,035  42,410  13,275 

6 18,042  50,892  15,930 

7, 21,049  59,374  18,585 

8, 24,056  67,8.56  21,240 

9, 27,063  76,338  23,895 

Thus  for  the  above  gas  we  find  per  cm.  at  0°  and  760  mm.: 

Cubic  meters.  Heat-units. 

CO, 20  601.4 

CH4 03  254.4 

.005  42.4 

296.8 

H, 07  185.8 

1084.0 

Hence,  W  representing  the  total  calorific  effect  per  cm.  of  gas 
burned,  we  find  W  =  1084.0  heat-units. 

2.  Flame-temperature,  or  the  theoretical  temperature  which  would 
result  if  all  the  heat  W  were  utilized  in  raising  the  temperature  of 
the  nitrogen  and  the  combustion-products  only.  In  practice  such  a 
temperature  is,  as  is  well-known,  never  attained,  owing  to  dissocia- 
tion and  other  causes.  But  the  calculation  of  said  temperature  is  of 
interest  for  the  comparison  of  a  series  of  gases. 

If  T  be  the  temperature  sought,  we  have: 

CO2     X     .425    -f    H2O     X     .382    +    N     X     .307 

In  which  equation  the  chemical  symbols  represent  the  volumes  of 
the  gases  in  the  production  of  combustion,  and 

.425    :=    sp.  heat  per  1  cm.  CO2,  at  0°  and  760  mm. 
.382    =         "  "     "      "     H2O,  "     "       "       "       " 

.307    =         "  "     "      "     N,       "     "       "       "       " 

all  according  to  Bunsen. 
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For  caloiilatinji:  T  we  make  use  of  the  followluij;  tables,  remem- 
bering that  by  eombustioii  in  air  one  volume  of  CIT^  gives  one  vol- 
ume of  CO.,  two  of  ILO,  and  eight  of  N  ;  one  volume  of  CO  gives 
one  volume  of  CC\.  and  two  volumes  of  X  ;  one  volume  of  H  gives 
one  volume  of  IL.O  and  two  of  X. 

a.  Of  COj,  originally  present  in  the  gas: 


C.ni.atO= 

and  700  mm. 

1  takes 

up 

for  each  degree  of  temperature, 

2 

"               " 

" 

3 

"               " 

" 

4 

t<               <( 

u 

5 

"               " 

" 

6          " 

CI                                      II 

<l 

7 

II              II 

" 

8 

II                   11 

II 

9 

"              " 

" 

I 


6.  Of  X,  originally  present  iu  the  gas 

C.m.atO= 
and  TtKi  mm. 

1   takes  up  for  each  degree  of  temperature, 

2 
3 

4 

5  "  "  "  " 

6 


Ileat-units. 

.425 

.850 
1.275 
1.700 
2.125 
2.550 
2.975 
3.400 
3.825 


Heat-units. 

.307 

.614 

.921 
1.228 
1.535 
1.842 
2.149 
2.456 
2.763 


c.  CO2  and  X  from  combustion  of  CO,  originally  pre.sent  in  the 
gas.  Each  cm.  CO  gives  1  cm.  CO2  (sp.  h.  .425)  and  2  cm.  X 
(sp.  h.  .307).  Hence  the  heat-units  absorbed  for  each  degree  of  tem- 
perature are  for  the  product  of: 


Cm.  of  CO 
burned. 


Heat-units. 
1,  [.425  +  2  (.307)], .     1.039 


2.079 
3.117 
4.156 
5.195 
6.234 
7.273 
8.312 
9.351 


d.  CO2,  H2O,  and  X  from  combustion  of  CH^  originally  in   the 
ga3.     Each  cm.  CH^  gives  J  cm.  CO^  (sp.  h.  .425),  2  cm.  H.^O 
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(sp.  h.  .382),  and  8  cm.  N  (sp.  h.  .307).     Hence  the  heat-units  ab- 
sorbed for  each  degree  of  temperature  are  for  the  product  of: 

Cm.  of  CH. 
burned.  Heat-units. 

1,  [.425  +  2(.3S2)  +  8(.307j], 3.645 

2, 7.290 

3, 10.935 

4, 14.580 

5, 18.225 

6 21.870 

7, 25.515 

8, ' 29.160 

9, 32.805 

e.  HjO  and  N  from  combustion  of  H,  originally  in  the  gas.  Each 
cm.  H  gives  1  cm.  H2O  (sp.  h.  .382)  and  2  cm.  N  (sp.  h.  .307). 
Hence  tiie  heat-units  absorbed  for  each  degree  of  temperature  are  for 
the  product  of: 

Cm.  of  H 
burned.  Heat-units. 

1,  [.382  +  2(.307)], .996 

2, 1.992 

3, 2.988 

4, 3.984 

5, 4.980 

6, 5.976 

7, 6.972 

8, 7.963 

9, 8.964 

Thus,  for  the  gas  in  question,  we  find  : 

Heat-units. 

CO2  =  .040  cm.  (table  a) :         .        .        .         .  .017 

N      =  .655  cm.  (table  h): 184 

.015 
.001 
.200 

CO    =  .200  cm.  (table  c) :  ....  .207 

CH4  =  .035  cm.  (table  d): 109 

.018 
.127 

H      =  .070  cm.  (table  e) :  .         .         .         .  .069 

.620 

Now,  .620  being  the  heat-units  absorbed  for  each  degree  of  tem- 
perature by  the  total  products  (including  nitrogen)  of  1  cm.  of 

the  gas,  and  7' being  TFdivided  by  this  number,  we  have  T=     ,   - 

z=  1748°  Cent. 

3.  Calculation  of  percentage  of  carbon  available  for  combustion  in 
the  gas.  We  have,  according  to  Bunsen,  the  weight  of  carbon  per 
cm.  of  CO2,  CO,  and  CH^,  at  0°  and  760  mm.,  as  follows  : 
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1  cm.  contains, 
o    •> 

3  " 

4  " 


8  "  " 

9  "  " 

Thus  we  fiiul  for  oi 

CO,  =  .04  cm.,  witli 
CO'  =  .-20    " 
CH*  =  .035  "         " 


of  carbon. 


r  iias. 


.53fi3  k 

i.0T-jr> 

1.(5089 
2.1452 
2.G.S1.") 
3.21 7S 
3.7541 
4.2904 
4.8267 


.021  kg.  of  carbon. 

.107     " 

.018     •'  " 


Per  cm.  gas, 146      "  " 

The  available  carbon  (that  is,  the  carbon  contained  in  CO  and 

CH,)  is  therefore  ^^^=  85.6  per  cent,  of  the  total  carbon. 
.146 

4.  Estimation  of  the  amount  of  li.,0  that  passes  through  the  generator 
undc composed,  neglecting  the  hydrogen  in  the  solid  fuel. 

According  to  Bunsen,  one  cm.  of  H  at  0°  and  760  mm.,  weighs 
.0896  kg. ;  one  cm.  of  O,  1.4303  kg. ;  and  one-half  cm.  of  C  gas, 
.5363  kg.  Bearing  in  mind  that  each  cm.  of  hydrogen  unites  with 
half  a  cm.  of  oxygen  to  form  water,  we  can  frame  for  gas-analyses, 
like  the  one  in  question,  the  general  formula  : 


(cm.  H)  X  .0896  +  h  (cm.  H)  X  1-4303     ^ 
(cm.  (.CO..  -r  CO  +  CHi)  )  X  .5363 


3  X  (cm.  H 


2  X  (cm.  (CO-iH-  CO  +  CHt)) '  ^^earlj^, 

for  the  number  of  kg.  HjO  decomposed  per  kg.  of  carbon.    Applied 
to  our  gas,  this  would  give 


41    X 


=        .381  kg.  H2O. 


Suppose  we  know  that  our  generator  burns  800  kg.  coke  and 
evaporates  800  kg.  H2O  in  twenty-four  hours :  we  find  that  800  X 
.381  kg.  H^O  =  304.8  kg.  HjO  has  been  decomposed,  and  hence 
that  800  —  304.8  =495.2  kg.  H^  must  have  passed  through  the 
generator  undecomposed  during  twenty-four  hours. 

This  calculation,  although  giving  only  the  approximate  value, 
may  be  of  interest  in  connection  with  the  practical  working  of  gas- 
producers. 


-33 
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FUIi TITER  DETERMINATIONS  OF  MANGANESE  IN 
SPIEGEL. 

BY   GEORGE   C.    STONE,    NEWARK,    N.  J. 

Since  the  Troy  meeting  I  have  received  several  additional  results 
of  analysis  of  the  same  sample  of  spiegel,  which  I  give  below: 


Chemist. 

No. 

Manganese  Found. 

Method  Used. 

P 

47 

13.03  ) 
13.26/ 

Acetate,  sulpliide,  and  carbonate. 

P 

48 

u                      i(                a                    i< 

P 

49 

13.72 

Acetate  and  bromine. 

P 

50 

13.10) 
13.]  0/ 

Oxide  of  zinc,  potassium  permanganate. 

P 

51 

><                     U                             tl                                         t< 

P 

52 

13.75) 
13.69  / 

a               u                    ((                            ii 

P 

53 

<i               u                    a                            i( 

P 

54 

14.08  ) 

i(              u                   (t                           a 

P 

55 

14.02  [ 

«              it                   tl                           t( 

P 

56 

14.02  J 

It              It                   it                           « 

C 

57 

13.68 

Acetate  and  phosphate. 

c 

58 

13.65 

a            a                  a 

c 

59 

13.32 

it            tt                  11 

c 

60 

14.76) 
15.04/ 

Potassium  chlorate  and  phosphate. 

c 

61 

'•      [phate. 

c 

62 

13.68 

Potassium  chlorate,  bromine,  and  phos- 

c 

63 

13.53) 

13.68/ 

Potassium  chlorate  and  phosphate. 

c 

64 

"                 "         "             '■ 

K 

65 

13.13 

Pattinson's  method. 

R 

66 

13.63 

Acetate,  bromine,  and  phospliate. 

s 

67 

13.36 

Potassium  chlorate  and  phosphate. 

s 

68 

13.40 

Acetate  and  phosphate. 

T 

69 

13.21  ) 

Oxide  of  zinc,  potassium  permanganate. 

T 

70 

13.02  [ 

11           11               It                    it 

T 

71 

13.13J 

it           it               tl                     tt 

1 

T 

72 

13.21  ) 
13.05  / 

K                     ll                             11                                         tl 

T 

73 

it                     11                             ((                                         (( 

il 

P.  I  know  only  by  correspondence.  His  methods  are  :  for  results 
Nos.  47,  48  (13.03,  13.26)  di.ssolve  in  hydrociiloric  acid,  evaporate, 
oxidize  with  nitric  acid,  filter  from  silica,  separate  iron  as  basic 
acetate,  precipitate  manganese  as  sul})hide,  dissolve  in  hydrochloric 
acid;  and  precipitate  as  carbonate.  No.  49  (13.72)  was  obtained 
by  Eggertz's  method.  Nos.  50,  51  (13.10,  13.10)  were  dissolved 
and  oxidized  as  before,  the  iron  i)recipitated  by  oxide  of  zinc,  filtered 
and  washed  four  times  with  cold  water;  and  the  manganese  titered 
hot  with  permanganate.  P.  regards  these  two  results  as  low.  Nos. 
52,  53  (13.75,  13.69)  were  dissolved  and  treated  like  the  last  two, 
the  precipitated  iron  was  again  dissolved,  separated,  and  titered  as 
before;  tiie  results  are  the  sum  of  the  manganese  joined  in  both 
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filtrates.  Xos.  54,  55,  56  (1-1.08,  14.02,  14.02)  were  treated  like  the 
lii.>;t,  but  the  filtrates  were  eonibineil  before  titering.  P.  says :  "I 
iiave  the  utmost  coufidenee  iu  these  three  results,  althous^h  they 
are  nuieh  higher  thau  auy  of  the  others,  whieh  may  po.s.sibly  have 
beeu  due  to  a  ehauge  in  my  permanganate  standard,  although  I 
have  no  reason  to  believe  sueh  to  be  the  ca.'^e.  ...  I  tested  the 
cliemieals  nseil."  I  am  inelined  to  think,  however,  that  his  per- 
manganate had  changed,  or  else  (as  is  usually  the  case)  the  oxide 
of  zinc  used  contained  manganese. 

C.  Since  my  original  paper  was  written,  C.  has  left  me;  and  a 
sample  on  which  the  determinations  here  given  were  made  was  sent 
to  him.  Nos,  57,  58,  59  (13.(58,  13.65,  13.32)  were  treated  by  the 
acetate  and  phosphate  method  as  we  used  it  at  first.  Nos.  60,  61 
(14.76,  15.04)  were  treated  by  Ford's  method.  As  the  results  were 
so  high,  and  as  he  knew  the  asbestos  used  had  been  in  the  laboratory 
some  time  exposed  to  lime-dust,  he  suspected  that  lime  had  caused 
the  trouble,  and  so  repeated  the  determination  in  No.  62  (13.68), 
precipitating  the  manganese  by  bromine,  before  precipitating  as 
phosphate.  Nos.  63,  64  (13.53,  13.68)  were  treated  by  Ford's 
niethwl,  using  asbestos  that  had  been  purified  by  washing  with  acid. 

R.  is  a  steel-works  chemist.  Xo.  65  (13.13)  was  made  by  Pat- 
tinson's  method,  in  one  hour  and  forty  minutes  ;  No.  66  (13.63)  by 
the  acetate,  bromine,  and  phosphate  method  in  four  hours  and  thirty 
minutes.  He  writes :  "  I  consider  Pattinson's  method  to  be  the 
siiorter,  and  to  give  sufficiently  accurate  results,  although  the  acetate, 
bromine,  and  phosphate  method  will  always  be  the  most  accurate." 

S.  is  a  steel-works  chemist  of  several  years'  experience.  His  re- 
sult No.  67  (13.36)  was  obtained  by  Ford's  method  ;  No.  68  (13.40) 
by  the  acetate  and  phosphate  method,  as  C  and  I  have  used  it. 
Knowing  that  S.  was  in  the  habit  of  using  Williams's  method  for 
manganese  iu  steel,  I  asked  him  to  try  it  on  this  spiegel ;  but  he  said 
it  was  of  no  use,  since  that  method  always  gave  too  low  results  for 
spiegel ;  although  he  considered  it  accurate  enough  to  check  the 
working  of  a  steel-furnace. 

I.  is  the  chemist  of  a  large  smelting  and  refining  company.  All 
his  determinations  were  made  by  Volhard's  method,  as  follows: 
Dissolve  0.5  grra.  in  nitric  acid,  evaporate  to  dryness,  and  ignite  to 
decompose  nitrates.  Take  up  with  the  least  possible  amount  of 
hydrochloric  acid,  and  replace  this  by  sulphuric  acid,  heating  till 
copious  fumes  of  SO3  are  evolved  ;  dilute,  boil,  and  add  pure  oxide 
of  zinc  to  precipitate  the  iron;  filterj  wash,  dilute  to  500  c.c,  take 
out  at  least  two  portions  of  100  c.c.  each,  and  titrate  hot  with  potas- 
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sium  permanganate,  of  about  half  normal  strength,  which  has  been 
standardized  by  iron.  I.  says  this  is  the  first  time  he  has  tried  the 
method  on  spiegel,  although  he  has  used  it  frequently  for  ores.  Nos. 
69,  70,  and  7J  were  made  on  one  solution  of  the  sample;  Nos.  72  and 
73  on  a  second. 

In  all  there  are  now  seventy-three  determinations.  Arranging 
them  in  a  table,  as  I  did  for  the  former  results  at  the  Troy  meeting, 
with  the  addition  of  two  lines  giving  the  number  of  determinations 
and  the  percentage  within  two-tenths  of  one  per  cent,  of  the  aver- 
age, and  also  a  sixth  column  giving  the  totals,  omitting  the  first  class 
of  methods,  we  get  the  following  table.  In  this  table  I  have  omit- 
ted C.'s  results  Nos.  9  and  10  because  they  depend  on  another 
method,  and  C.  60,  61  ;  D.  12;  I.  19,  20,  25;  M.  33,  34;  N.  35, 
36,  40,  41,  42  ;  and  P.  50,  51  because  the  chemists  were  not  entirely 
satisfied  with  them.  With  these  omissions  there  remain  sixty  deter- 
minations by  eighteen  chemists  using  twelve  methods. 


First 
Class. 

Skcond 
Class. 

Third  Class. 

Fourth  Class. 

C  CO 

3 

.i| 

'u 

» 

o 
O 

Methods    in    which 
the  manganese  is 
precipitated     and 
weighed  as  phos- 
phate. 

Methods   in    which 
the  manganese  is 
precipitated   as  a 
basic      salt      and 
weighed  as  Mn^O,. 

■S 

.a 

a 

re's 
£  t, 

[0    " 

5'" 

Number  of    chemists 

using  methods,  .     . 

3 

4 

9 

5 

18 

15 

No.  of  determinations 

above  14  per  cent., 

3 

3 

6 

6 

No.  of  determ's  bet'n 

13  and  14  per  cent., 

1 

10 

24 

4 

39 

38 

No.  of  determinations 

below  13  per  cent.. 

7 

4 

11 

4 

Per  cent,  above  14,    . 

23 

43 

10.^ 

12.^ 

Per  cent,  between  13 

and  14,      .... 

m 

77 

86 

57 

70 

79 

Per  cent,  below  13,    . 

87J 

14 

19.] 

8^ 

Highest, 

13.05 

14.08 

13.84 

14.47 

14.47 

14.47 

Lowest, 

12.60 

13.02 

12.92 

13.03       • 

12.60 

13.02 

Average, 

12.85 

13.43 

13.43 

13.79 

13.39 

13.48 

No.   within    0.2    per 

cent,  of  average,     . 

7 

0 

12 

1 

10 

21 

Per  cent,    within   0.2 

per  cent,  of  average, 

87  J 

43 

14 

28 

44 

FURTHER    DETERMINATIONS   OF    MANGANESE    IN    SPIEGEL. 


il7 


My  reason  for  adiling  the  last  column  is  that  in  the  course  of 
some  experiments  wliicli  Mr.  Sands  and  I  arc  now  making  to  test 
the  accuracy  of  the  ditVerent  methods  of  determining  manganese  we 
have  obtained  results  which  have  satisfied  us  that  ^yilliams's  method 
is  not  accurate,  but  gives  too  low  results. 

In  the  jxiper  read  by  Mr.  Mackintosh  at  the  Roanoke  meeting,  he 
gives  the  results  of  some  experiments  made  by  reducing  permanganate, 
taking  up  with  strong  nitric  acid,  precipitating  by  potassium  chlorate, 
and  determining  the  oxidizing  power  of  this  precipitate  in  terms  of 
the  permanganate  used.  Working  in  this  way  he  obtained  results 
which  agreed  very  closely  with  the  results  calculated  on  the  theory 
that  the  precipitate  was  MnOo.  It  occurred  to  me  that  he  had  for- 
gotten the  possible  influence  of  the  foreign  substances  present  in  a 
Spiegel  (hydrocarbons  and  iron);  to  see  whether  these  had  any  in- 
fluence I  repeated  his  experiments,  adding  0.5  grm.  spiegel  before 
dissolving  in  nitric  acid,  and  obtained  the  following  results: 
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25 

33.58 

24.49 

9.09 

10. 

90.90 

9.09 

100.00 

0.5 

35 

36.98 

24.49 

12.49 

14. 

89.21 

12.72 

98.19 

0.5 

45 

40.60 

24.49 

IG.ll 

18. 

89.50 

16.3G 

98.47 

These  results,  I  think,  show  that  the  foreign  substances  present 
do  exert  an  influence,  and  that  in  the  case  of  a  spiegel  the  precipitate 
is  very  nearly  10MnO2MnO. 

To  test  the  correctness  of  Williams's  method,  I  analyzed  a  .sample 
of  spiegel  by  it,  using  oxalic  acid  that  had  been  standardized  by  iron 
wire  (Williams's  method),  and  also  by  standard  spiegels  (modified 
method).  I  then  repeated  the  analyses  on  the  .same  samples,  adding 
to  each,  before  di.s.solving,  0.2  grm.  MngPaO^  which  I  had  prepared 
with  great  care,  with  these  results. 
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03 

Spiegel 
used. 

Mansariese 
added. 

Manganese 
found  by 

Williams's 
ujetliod. 

Gain. 

Manganese 
found  by 
modified 
method. 

Gain. 

Grni. 

Grm. 

Grm. 

Grm. 

Grm. 

Grm. 

1 

0.5 

0.10273 

0.11037 

1 

0.5 

0.10273 

0.11037 

1 

0.5 

0.07746 

0.17434 

0.07162 

0.18749 

0.07712 

2 

0.5 

0.05370 

0.05880 

2 

0.5 

0.0.5406 

0.05934 

2 

0.5 

0.07746 

0.12422 

0.07052 

0.13602 

0.07722 

2 

0.5 

0.07746 

0.12565 

0.07159 

0.13759 

0.07834 

i 


These  results  not  only  confirm  the  correctness  of  the  volumetric 
method  which  Mr.  Sands  and  I  have  used,  but  also  indirectly  con- 
firm the  acetate  and  phosphate  method,  as  the  standard  spiegels  used 
were  analyzed  by  that  method. 

Mr.  Sands  and  I  are  at  present  testing  the  diflferent  methods  of 
determining  manganese,  and  hope  to  publish  the  results  when  com- 
pleted. We  should  be  grateful  for  any  suggestions  as  to  doubtful 
points  in  any  method  that  need  clearing  up. 


NOTE  OX  THE  DETERMINATION  OF  PHOSPHORUS  IN 

IRON. 

BY    FRANK    JULIAN,     IRON   MOUNTAIN,    MICHIGAN. 

After  tlie  solution  of  an  iron  ore,  or  metallic  iron,  in  an  acid, 
for  the  determination  of  phosphorus,  it  is  necessary  to  evaporate  the 
solution  to  dryness  and  to  heat  the  residue  to  effect  the  complete 
separation  of  silica.  Authorities  differ  as  to  the  temperature  re- 
quired, some  recommending  not  over  100°  C,  others  as  high  as  dull 
redness.  For  the  purpose  of  securing  some  indications  as  to  the 
degree  of  heat  which  may  be  safely  or  advantageously  employed,  I 
selected  a  gray  pig-iron,  a  piece  of  Bessemer  steel  rail,  and  a  sample 
of  Ludington  ore  having  the  following  composition  ;  the  phosphorus 
in  tiie  i>ig  and  steel  being  determined  by  Gintl's  ferric  chloride 
method : 


I 
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Pig. 

Steel. 

Ore      A                 B 

Comb,  carbon,  . 
Graphite,      .     . 
Silicon,    .     .     . 
Snlphnr,  .     .     . 
Mantranese,  .     . 
Phospliorns, 
Iron,  etc.,     .     . 

.64 

3.40 

2.85 

.06 

.51 

.459 

92.081 

.866 

.077 

.922 

.165 

97  970 

Silica,      ...     . 

Phosphoric  acid,  . 

Sulphuric  acid,  . 
,  Aluuiina,     .     .     . 

Liuie,  .... 
'  Majjuesia,  .  .  . 
'  Many^anese  oxide, 

Ferric  oxide,  .     . 

3.30    sol.  1.00 

.0007         .400 

trace 

.79 

.83 

.51 

.62 

93.37 

100.00       j  100.00 

Twenty-five  grams  of  the  ore,  having  the  composition  A,  was  dis- 
solveil  in  hydrocliloric  acid,  and  filtered  into  a  |-litre  flask.  There 
were  added  3.1  gram.>*  of  silicate  of  sodinm  and  1.155  grams  crystal- 
lized piiosphate  of  sodinm,  and  the  liquid  made  up  to  the  mark. 

Twenty-five  c.c.  of  this  solution,  liaving  the  composition  B,  1 
gram  of  the  pig,  and  2  grams  of  steel,  were  taken  for  each  determi- 
nation. The  metals  were  dissolved  in  10  c.c.  and  20  c.c.  of  nitric 
acid,  specific  gravity  1.25.  After  heating  the  dry  residue,  it  was 
dissolved  in  the  least  po.ssible  quantity  of  hydrochloric  acid,  which 
was  replaced  by  evaporation  with  25  c.c.  of  concentrated  nitric  acid, 
and  precipitated  with  a  7  per  cent,  nitric  acid  solution  of  molybdic 
acid.  After  solution  of  the  phospho-molybdate  the  silica  was  sepa- 
rated, and  any  adhering  phosphorus  recovered.  The  magnesium 
precipitate  was  always  reprecipitated  to  free  it  from  molybdic  acid 
(traces  of  which  invariably  adhered  to  the  first  precipitate),  weighed 
as  pyro-phosphate,  and  corrected  for  solubility.  Great  care  was 
taken  to  have  all  the  conditions  of  each  determination  as  nearly 
identical  as  possible.     The  following  are  the  results  obtained : 


No. 

Temperature. 

Pig. 

Ore. 

Steel. 

1. 

No  evaporation. 

.113,  .124 

2. 

95°  C.          1  hour. 

.341 

.407 

3. 

110"            12  hours. 

.375 

.400 

.137,  .139,  .132 

4. 

125°               1  hour. 

.377 

.401 

.157 

5. 

170°              ^  hour. 

.444 

.401 

6. 

125°              2  hours. 

.453 

•      .      .      • 

.      •     .      . 

7. 

170°              1  hour. 

.456 

•      >      .      . 

.158 

8. 

220°              1  hour. 

.456 

.398 

.... 

9. 

350°              1  hour. 

.453 

.398 

.... 

10. 

450°              1  hour. 

.456 

.398 

.... 

In  Xo.  1  the  steel  was  dissolved  in  acid,  and  the  molybdic  solu- 
tion added  at  once.     No.  2  was  the  heat  of  a  water-bath ;  No.  3 
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steara-pipes ;  Nos.  4,  5,  6,  and  7,  an  air-bath ;  Nos.  8,  9,  and  10 
fused-metal  baths.  The  first  four,  in  each  case,  dissolved  readily 
and  completely;  Nos.  5  to  8,  completely,  but  with  difficulty;  while 
Nos.  9  and  10  required  much  acid  and  a  prolonged  digestion,  and  a 
considerable  quantity  of  ferric  oxide  remained  undissolved. 

While  somewhat  different  results  will  undoubtedly  be  obtained 
from  other  samples,  I  think  the  following  conclusions  may  be  safely 
drawn  : 

1st.  That  a  temperature  of  at  least  125°  C,  for  two  or  three 
hours,  must  be  used  where  the  amount  of  silicon  or  silicic  acid  is  at 
all  large. 

2d.  That  any  temperature  short  of  dull  redness  may  be  employed 
without  interfering  with  the  accuracy  of  the  determination  ;  the 
heating  with  an  acid  reverting  any  meta-  or  pyro-  into  ortho-phos- 
phoric acid;  but  that  a  temperature  of  from  125°  to  170°  is  to  be 
preferred,  as  saving  time  and  acids  in  re-solution. 

3d.  That  the  silicon  in  metallic  iron  is  much  more  prejudicial  to 
the  complete  separation  of  phospho-molybdate  than  the  silica  from 
a  soluble  silicate. 


NOTE  CONCEBNING  A  GBABE  OF  lEON  MADE  FBOM 
CABBONATE  OBE. 

BY   EDWARD  GRIDLEY,   WASSAIC,   N.  Y. 

At  the  meeting  of  the  Institute,  held  at  Roanoke,  Va.,  in  June, 
1883,  I  gave  some 'facts  in  relation  to  charcoal  pig  iron  of  unusual 
strength,  made  from  our  carbonate  ore  taken  from  the  mine  at 
Amenia,  N.  Y. 

My  object  in  again  bringing  the  subject  to  the  attention  of  the 
Institute,  is  to  obtain,  if  possible,  the  solution  of  a  problem  in  con- 
nection therewith.  Our  furnace  is  of  the  old  type,  stone  stack  32 
feet  high  by  9  feet  2  inches  at  top  of  bosh;  bosh  about  67°  pitch; 
stone  hearth;  three  tuyeres  of  3^-inch  opening;  fuel,  a  mixture  of 
hard  and  soft  coal ;  blast  about  ^  to  f  pound  pressure,  and  heated 
to  400°  to  G00°  Fahr.  by  iron  jiipe  oven  on  top  of  stack. 

The  analysis  of  the  roasted  carbonate  ore,  as  before  given  to  the 
Institute,  is  as  follows  : 
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Silica, 

8.240 

Pemxide  of  iron,     .... 

77.202 

Aliiiuii):i,          ..... 

2.7G8 

Ktni  oxide  of  maiiganose, 

3.005 

Lime 

1.650 

Mijgnesia,         .        .         .         i         . 

L167 

.275 

Suipluir 

.224 

Loss  by  ignition,      .... 

5.684 

Metallic  iron 54.042 

Metallic  manganese,        .         . 2.165 

Phospliorns 120 

The  last  week  of  our  running,  on  ^  Chateaugay  and  §  carbonate 
ore,  we  made  Xo.  3  and  No.  4  iron  only — about  53  tons  of  No.  3 
and  17  tons  of  Xo.  4.  But  as  soon  as  our  ore-charge  was  changed 
to  all  carbonate,  the  iron  produced  was  nearly  all  No.  4. 

Tiie  583  tons  made  was  graded  as  follows : 


15  tons, No.  3 

442  tons, No.  4 

y9  tons No.  4J 

16  tons, No.  5 

11  tons, No.  6 

We  tried  repeatedly,  by  reducing  the  ore-charge,  to  make  soft 
iron,  at  times  getting  the  furnace  hot  enough  to  make  white  cinder; 
but  in  every  case  the  iron  was  hard  and  close-grained. 

Now,  the  questions  I  wish  to  ask,  are: 

1st.  Why  could  we  not  make  a  soft  iron? 

2d.   What  shall  we  do  to  produce  a  soft  iron  from  this  ore  ? 

3d.  What  is  the  cau.se  of  the  high  tensile  streno-th? 

I  would  add,  that  since  the  figures  given  at  the  Roanoke  meeting, 
viz.,  13  tests,  showing  average  tensile  strength  of  41,349  pounds 
per  square  inch,  we  have  had  three  samples  turned  from  the  pigs, 
and  broken.  In  August  last  two  were  broken  at  Phoenix  furnace, 
showing  43,003  and  42,450  pounds. 

During  this  month  one  sample  was  broken  at  the  works  of  the 
Thomas  Iron  Company,  Hokendauqua,  Pa.,  and  reported  to  us  by 
Mr.  John  Thomas  at  48,400  pounds.  Average  of  16  tests,  41,962 
pounds. 
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A  PEOCESS  FOE  MAKING  WEOUGHT-IEON  BIEECT  FEOM 

THE  OEE. 

BY   WILLARD   P.    WARD,    A.M.,    M.E.,    NEW  YORK   CITY. 

The  numerous  direct  processes  which  have  been  patented  and 
brought  before  the  iron-masters  of  the  world,  differ  materially  from 
that  now  introduced  by  Mr.  Wilson.  After  a  careful  examination 
of  his  process,  I  am  convinced  that  Mr.  Wilson  has  succeeded  in  pro- 
ducing good  blooms  from  iron-ore,  and  I  think  that  I  am  able  to 
point  out  theoretically  the  chief  reasons  of  the  success  of  his  method. 

Without  going  deeply  into  the  history  of  the  metal,  I  may  men- 
tion the  well-known  fact,  that  wrought-iron  was  extensively  used 
in  almost  all  quarters  of  the  globe,  before  pig  or  cast-iron  was  ever 
produced.  Without  entering  into  the  details  of  the  processes  by 
which  this  wrought-iron  was  made,  it  suffices  for  my  present  purpose 
to  say  that  they  were  crude,  wasteful,  and  expensive,  so  that  they 
can  be  employed  to-day  only  in  a  very  few  localities  favored  with 
good  and  cheap  ore,  fuel,  and  labor. 

The  construction  of  larger  furnaces  and  the  employment  of  higher 
temperatures  led  to  the  production  of  a  highly  carbonized,  fusible 
metal,  without  any  special  design  on  the  part  of  the  manufacturers 
in  producing  it.  This  pig-iron,  however,  could  be  used  only  for  a 
few  purposes  for  which  metallic  iron  was  needed;  but  it  was  pro- 
duced cheaply  and  with  little  loss  of  metal,  and  the  attempt  to  de- 
carbonize this  product  and  bring  it  into  a  state  in  which  it  could  be 
hammered  and  welded  was  soon  successfully  made.  This  process 
of  decarbonization,  or  some  modification  of  it,  has  successfully  held 
the  field  against  all,  so-called,  direct  processes  up  to  the  present 
time.  Why  ?  Because  the  old-fashioned  bloomeries  and  Catalan 
forges  could  produce  blooms  only  at  a  high  cost,  and  because  the 
new  processes  introduced  failed  to  turn  out  good  blooms.  Those 
produced  were  invariably  "red-short,"  that  is,  they  contained  unre- 
duced oxide  of  iron,  which  prevented  the  contact  of  the  metallic 
particles,  and  rendered  the  welding  together  of  these  particles  to 
form  a  solid  bloom  impossible. 

The  process  of  puddling  cast-iron,  and  transforming  it  by  decar- 
bonization into  wrought-iron  has,  as  everybody  knows,  been  in  suc- 
cessful practical  operation  for  many  years,  and  the  direct  process 
referred  to  so  closely  resembles  this,  that  a  short  description  of  the 
theory  of  puddling  is  not  out  of  place  here. 
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The  material  oporatetl  on  in  iMuldlins;  is  iron  containing;  from  2^ 
to  4  per  ctMit.  of  earUon.  During  tlie  first  stage  of  the  process  this 
iron  is  nielteii  down  to  a  fluid  bath  in  the  bottom  of  a  reverberatory 
furnace.  Then  the  oxidation  of  the  carbon  contained  in  the  iron 
comnuMuvs,  and  at  the  same  time  a  fluid,  basic  cinder,  or  slag,  is 
produced,  which  covers  a  portion  of  the  surface  of  the  metal  bath, 
and  prevents  too  hasty  oxidation.  This  slag  results  from  the  union 
of  oxides  of  iron,  with  the  sand  adhering  to  the  ))igs,  and  the  silica 
resulting  from  the  oxidation  of  ihe  silicon  contained  in  the  iron. 

This  cinder  now  plays  a  very  important  part  in  the  process.  It 
takes  up  the  oxides  of  iron  formed  by  the  contact  of  the  oxidizing 
flame  with  the  exposed  portion  of  the  metal  bath,  and  at  the  same 
time  the  carbon  of  the  iron,  coming  in  contact  with  the  under-sur- 
face  of  the  cinder  covering,  where  it  is  protected  from  oxidizing  in- 
fluences, re<luces  these  oxides  from  the  cinder  and  restores  them  to 
the  bath  in  metallic  form.  This  alternate  oxidation  of  exposed 
metal,  and  its  reduction  by  the  carbon  of  the  cast-iron,  continues 
till  the  carbon  is  nearly  exhausted,  when  the  iron  assumes  a  pasty 
cxmdition,  or  "  comes  to  nature,"  as  the  puddlers  call  this  change. 
The  charge  is  then  worked  uj)  into  balls,  and  removed  for  treatment 
in  the  squeezer,  and  then  hammered  or  rolled. 

In  the  Wilson  process  the  conditions  which  we  have  noted  in  the 
puddling  oj)eration  are  very  closely  approximated.  Iron-ore,  re- 
duced to  a  coarse  sand,  is  mixed  with  the  proper  proportion  of  char- 
coal or  coke-dust,  and  the  mixture  fed  into  upright  retorts  placed 
in  the  chimney  of  the  puddling-furnace.  By  exposure  for  twenty- 
four  hours  to  the  heat  of  the  waste  gases  from  the  furnace,  in  the 
presence  of  solid  carbon,  a  considerable  portion  of  the  oxygen  of 
the  ore  is  removed,  but  little  or  no  metallic  iron  is  formed.  The 
ore  is  then  drawn  from  the  deoxidizer  into  the  rear,  or  second  hearth 
of  the  puddling-furnace,  situated  below  it,  where  it  is  exposed  for 
twenty  minutes  to  a  much  higher  temperature  than  that  of  the  de- 
oxidizer. Here  the  presence  of  the  solid  carbon,  mixed  with  the 
ore,  prevents  any  oxidizing  action,  and  the  temperature  of  the  mass 
is  raised  to  a  point  at  which  the  cinder  begins  to  form.  Then  the 
charge  is  carried  forward  by  the  workmen  into  the  front  hearth,  in 
which  the  temperature  of  a  puddling-furnace  prevails.  Here  the 
cinder  melts,  and  at  the  same  time  the  solid  carbon  reacts  on  the 
oxygen  remaining  combined  with  the  ore,  and  forms  metallic  iron; 
but  by  this  time  the  molten  cinder  is  present  to  prevent  undue  oxi- 
dation of  the  metal  formed,  and  solid  carbon  is  still  present  in  the 
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mixture  to  play  the  same  role,  of  reducing  protoxide  of  iron  from 
the  cinder,  as  the  carbon  of  the  cast-iron  does  in  the  ordinary 
puddling  process.  I  have  said  that  the  cast-iron  used  as  the  mate- 
rial for  puddling  contains  about  3  per  cent,  of  carbon;  but  in  this 
process  sufficient  carbon  is  added  to  effect  the  reduction  of  the  ore 
to  a  metallic  state,  and  leave  enough  in  the  mass  to  play  the  part  of 
the  carbon  of  the  cast-iron  when  the  metallic  stage  has  been  reached. 

It  would  be  interesting  to  compare  the  Wilson  with  the  numerous 
other  direct  processes  to  which  allusion  has  already  been  made,  but 
there  have  been  so  many  of  them,  and  the  data  concerning  them  are 
so  incomplete,  that  this  is  impossible.  Two  processes,  however,  the 
Blair  and  the  Siemens,  have  attracted  sufficient  attention,  and  are 
sufficiently  modern  to  deserve  notice.  In  the  Blair  process  a  me- 
tallic iron  sponge  was  made  frou)  the  ore  in  a  closed  retort,  this  sponge 
cooled  down,  in  receptacles  from  which  the  air  was  excluded,  to  the 
temperature  of  the  atmosphere,  then  charged  into  a  puddling-furnace 
and  heated  for  working.  In  this  way  (and  the  same  j)lan  essentially 
has  been  followed  by  other  inventors)  the  metallic  iron,  in  the  finest 
possible  state  of  subdivision,  is  subjected  to  the  n)ore  or  less  oxidiz- 
ing influences  of  the  flame,  without  liquid  slag  to  save  it  from  oxi- 
dation, and  with  no  carbon  ])resent  to  again  reduce  the  iron-oxides 
from  the  cinder  after  it  is  formed.  The  loss  of  metal  is  consequently 
very  large,  but  oxides  of  iron  being  left  in  the  metal  the  blooms  are 
invariably  "  red-short." 

In  the  Siemens  process,  pieces  of  ore  of  the  size  of  beans  or  peas, 
mixed  with  lime  or  other  fluxing  material,  form  the  charge,  which 
is  introduced  into  a  rotating  fui'uace;  and  when  this  charge  has  be- 
come heated  to  a  bright-red  heat,  small  coal  of  uniform  size  is  added 
in  sufficient  quantity  to  effect  the  reduction  of  the  ore.  The  size  of 
the  pieces  of  the  material  employed  prevents  the  intimate  mixture 
of  the  particles  of  iron  with  the  particles  of  carbon,  and  hence  we 
would,  on  theoretical  grounds,  anticipate  just  what  practice  has 
proved,  viz.,  that  the  reduction  is  incomplete,  and  the  resulting 
metal  being  charged  with  oxides  is  red-short.  In  practice,  blooms 
made  by  this  jjrocess  have  been  so  red-short,  that  they  could  not  be 
hammered  at  all. 

It  would  be  impracticable  in  this  process  to  employ  ore  and  carbon 
in  as  fine  particles  as  Wilson  does,  as  a  very  large  portion  of  the 
charge  would  be  carried  off  by  the  draught,  and  a  sticking  of  the 
material  to  the  sides  of  the  rotating  furnace  could  scarcely  be  avoided. 
I  do  not  imagine  that  a  division  of  the  materials  into  anything  like 


PROCESS  FOR  MAKING  WROUGHT-IROX  DIRECT  FROM  THE  ORE.    525 

the  supposed  size  of  molecules  is  necessary ;  we  know  that  the 
gniphitie  carbon  in  the  pii^-iron  employed  in  puddling;  is  not  so 
finely  divideil,  but  it  is  in  much  smaller  particles  than  bean  or  pea 
size,  and  by  approximating  the  size  of  the  graphite  particles  in  pig- 
iron  "Wilson  has  succeeded  in  obtaining  good  results. 

If  we  examine  the  utilization  of  the  heat  developed  by  the  com- 
bustion of  a  given  quantity  of  coal  in  this  process,  and  compare  it 
with  the  result  of  the  combustion  of  an  equivalent  amount  of  fuel 
in  a  blast  furnace,  we  shall  soon  see  the  theoretical  economy  of  the 
process.  The  coal  is  burned  on  the  grate  of  the  puddling-furnace 
to  carbonic  acid,  and  the  flame  is  more  fully  utilized  than  in  an  or- 
dinary puddling-furnace,  for  besides  the  ordinary  hearth  there  is  the 
second  or  rear  hearth,  where  additional  heat  is  taken  up,  and  then 
the  products  of  combustion  are  further  utilized  in  heating  the  retorts 
in  which  the  ore  is  partly  reduced.  After  this  the  heat  is  still 
further  utilized  by  passing  it  under  the  boilers  for  the  generation  of 
steam,  and  the  heat  lost  in  the  gases,  when  they  finally  escape,  is 
very  small.  In  a  blast-furnace  the  carbon  is  at  first  burned  only  to 
carbonic  oxide,  and  the  products  of  combustion  issue  mainly  in  this 
form  from  the  top  of  the  furnace.  Then  a  portion  of  the  heat 
resulting  from  the  subsequent  burning  of  these  gases  is  pretty  well 
utilized  in  making  steam  to  supply  the  power  required  about  the 
works,  but  the  rest  of  the  gas  can  only  be  utilized  for  heating  the 
blast,  and  here  there  is  an  enormous  waste,  the  amount  of  heat  re- 
turned to  the  furnace  by  the  heated  blast  being  very  small  in  pro- 
portion to  the  amount  generated  by  the  burning  of  that  portion  of 
carbonic  oxide  expended  in  heating  it,  and  the  gases  escape  from- 
both  the  hot-blast  and  the  boilers  at  a  high  temperature. 

In  the  direct  process  under  consideration  the  fuel  burned  is  more 
completely  utilized  than  in  the  puddling  process  to  which  the  cast- 
iron  from  the  blast-furnace  is  subjected  to  convert  it  into  wrought- 
iron. 

The  economy  claimed  for  this  process,  over  the  blast-furnace  and 
puddling  practice  for  the  production  of  wrought  iron,  is  that  nearly 
all  the  fuel  used  in  the  puddling  operation  is  saved,  and  that  with 
about  the  same  amount  of  fuel  used  in  the  blast  furnace  to  produce 
a  ton  of  pig  iron,  a  ton  of  wrought-iron  blooms  can  be  made.  I 
had  no  opportunity  of  weighing  tlie  charges  of  ore  and  coal  used, 
but  I  saw  the  process  in  actual  operation  at  Rockaway,  N.  J.  The 
iron  produced  was  hammered  up  into  good  solid  blooms,  containing 
but  little  cinder.     The  muck-bar  made  from  the  blooms  was  fibrous 
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in  fracture,  and  sliowed  every  appearance  of  good  iron.  I  am  in- 
formed by  the  manager  of  the  Sanderson  Brotlier.s'  steel  works,  at 
Syracuse,  N.  Y.,  that  they  purchased  blooms  made  by  the  Wilson 
process  in  1881-1882,  that  none  of  them  showed  red-shortness,  and 
that  they  discontinued  their  use  only  on  account  of  the  injurious 
action  of  the  titanium  they  contained  on  the  melting-pots.  These 
blooms  were  made  from  ma";netic  sands  from  the  Long-  Island  and 
Connecticut  coasts. 

The  annexed  drawing  shows  the  construction  of  the  furnace  em- 
ployed.    I  quote  from  the  published  description. 

"The  upper  part,  or  deoxidizer,  is  supported  on  a  strong  mantle 
plate,  resting  on  four  cast-iron  columns. 

"  The  retorts  and  flues  are  made  entirely  of  fire-brick,  from  special 
patterns.  The  outside  is  protected  by  a  wrought-iron  jacket  made  of 
No.  14  iron.  The  ])udd ling-furnace  is  of  tlie  ordinary  construction, 
except  in  the  working-bottom,  which  is  made  longer  to  accommodate 
two  charges  of  ore,  and  thus  utilize  more  of  the  waste  heat  in  re- 
ducing the  ore  to  metallic  iron. 

"The  operation  of  the  furnace  is  as  follows  :  The  pulverized  ore 
is  mixed  with  20  per  cent,  of  pulverized  charcoal  or  coke,  and  is 
fed  into  an  elevator  which  discharges  into  the  hopper  on  the  deox- 
idizer leading  into  the  retorts  marked  C.  These  retorts  are  propor- 
tioned so  that  they  will  hold  ore  enough  to  run  the  puddling-furnace 
twenty-four  hours — the  time  required  for  perfect  deoxidization. 
After  the  retorts  are  filled,  a  fire  is  started  in  the  furnace,  and  the 
products  of  combustion  pass  up  through  the  main  flue,  or  well  B, 
where  they  are  deflected  by  the  arch,  and  pass  out  through  suitable 
openings,  as  indicated  by  arrows,  into  the  down-takes  marked  E, 
and  out  through  an  annular  flue,  where  they  are  passed  under  a 
boiler. 

"  It  will  be  noticed  that  the  ore  is  exposed  to  the  waste  heat  on 
three  sides  of  the  retorts,  and  owing  to  the  great  surfice  so  exposed, 
the  ore  is  very  thoroughly  deoxidized,  and  reduced  in  the  retorts 
before  it  is  introduced  into  the  puddling-furnace  for  final  reduction. 
The  curved  cast-iron  pipes  marked  D  are  provided  with  slides,  and 
are  for  the  purpose  of  introducing  the  deoxidized  ore  into  the  second 
bottom  of  the  furnace.  As  before  stated,  the  furnace  is  intended  to 
accommodate  two  charges  of  ore,  and  as  fast  as  it  is  balled  up  and 
taken  out  of  the  working  bottom,  the  charge  remaining  in  the  second 
bottom  is  worked  up  in  the  place  occupied  by  tlie  first  charge  and  a 
neio  charge  is  introduced.     As  fast  as  the  ore  is  drawn  out  from  the 
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retorts  the  elevator  supj^lies  a  new  lot,  so  that  the  retorts  are  always 
filled,  thus  making  the  jirooess  continuous." 

The  temperature  of  the  charge  in  the  deoxidizer  is  from  800°  to 
1000^  F. 
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BY  W.  II.    ADAMS,  M.E.,  NEW  YORK  CITY. 

A'iRGiXTA,  a  store-house  of  metals,  is  more  and  more  a  surprise  to 
the  present  generation.  With  her  enormous  available  mineral 
wealth,  worked  upon  steadily  for  over  a  century,  exploited  suffi- 
ciently to  demonstrate  beyond  question  costs  and  values,  reported 
upon  by  our  most  eminent  scientists,  written  up  by  thoroughly 
earnest  corresjwndents,  we  yet  find  her  little  understood  by  capitalists 
or  {practical  men,  and  until  very  lately  overlooked  by  the  advance- 
guard  of  pioneers  in  metallurgy,  whose  restless  energy  conquered 
the  wilderness  of  Xorthern  Michigan  years  ago,  and  has  written  a 
new  and  startling  history  for  almost  impenetrable  Western  territories. 

The  world  is  learning  through  the  mouths  of  giant  furnaces  lately 
put  in  blast  at  Lowmoor,  Goshen,  and  Roanoke,  more  of  this  won- 
derful State.  It  is  becoming  plain  that  nearer  home,  amid  all  the 
surroundings  of  civilization,  under  an  equable  climate  and  with  the 
advantage  of  a  minimum  cost  for  fuel  and  labor,  there  are  stores  of 
mineral,  varied  in  character  and  deposited  over  a  wide  area,  which 
exceed  all  ordinary  calcnlationB. 

Principal  among  these  minerals,  iron  ores  have  been,  and  will 
probably  continue  to  be,  the  leading  product  and  the  source  of 
greatest  revenue. 

My  attention  has  been  called  during  the  past  year  to  one  particu- 
lar section  of  the  iron-belt,  where  for  forty  years  charcoal-furnaces 
were  successfully  operated,  the  ores  being  mined  in  open  pits,  as  can 
so  frequently  be  seen  from  the  Connecticut  line  southward  into 
Georgia.  There  is,  however,  a  significant  peculiarity  in  the  character 
of  these  deposits  of  Louisa  county  warranting  special  mention,  as  it 
is  thought  that  nowhere  on  the  earth's  surface,  within  so  moderate 
a  distance  of  tidewater,  can  their  like  be  found.  Probably  half  a 
million  tons  of  lump  and  wash-material  have  been  taken  from  pits 
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within  five  miles  of  the  Chesapeake  and  Ohio  Railway  station  at 
Tolersville.  These  pits  are  from  twenty  to  one  hundred  and  thirty 
feet  in  width  of  all  lengths  up  to  fifteen  hundred  feet,  the  opening 
of  which  disclosed  the  fact  that  inyariably  at  water-level  the  iron 
oxides  cease  and  sulphides  are  found.  As  will  be  understood,  the 
extent  of  the  ore-bodies  is  enormous,  millions  of  tons  lying  within  a 
few  hundred  feet  of  the  surface. 

They  no  doubt  belong  to  the  general  class  of  pyritous  ores  found 
along  the  Atlantic  seaboard,  in  Georgia,  North  Carolina,*  Virginia 
(near  Lynchburg),  Maryland  (Cecil  county),  and  New  Jersey.  The 
character  of  minerals  changes  thence  northwardly,  but  the  range  of 
outcrops  can  readily  be  traced  from  Anthony's  Nose,  on  the  Hudson, 
through  the  mountains  near  North  Adams,  Mass.,  and  north  of  the 
latter  place,  where  there  seems  to  be  £l  division  in  the  strata, — the 
eastern  branch  coming  to  the  surface  at  intervals  as  far  north  as 
Milan,  N.  H.,  and  into  Maine,  while  the  main  branch  is  found  in 
Vershire  and  Corinth  counties,  Vermont,  and  may  be  followed  thence 
to  the  extensive  deposits  of  Capelton  and  Bolton  in  Canada. 

I  wish  to  draw  particular  attention  to  the  remarkable  fact  that  al- 
though iron-ores  outcrop  continuously  along  the  belt  of  country  men- 
tioned, yet  only  in  the  Carroll  county  beds  on  the  border  line  of  North 
Carolina,  and  in  Louisa  county  are  the  deposits  underlaid  with  pyrites 
of  such  character  as  to  deserve  special  mention. 

The  object  of  this  paper  is  to  bring  before  the  Institute  the  notable 
merits  of  pyrites  from  Virginia,  at  a  time  when  the  manufacturers  of 
sulphuric  acid  are  so  rapidly  changing  their  plant  from  brimstone- 

*  "  The  magnitude  of  the  deposits  of  pyrites  of  iron  and  copper,  with  their  valua- 
ble cap  of  hydrated  peroxide  of  iron,  entities  them  to  mention.  Above  water-level  in 
the  creeks  and  branches  which  cut  across  the  strike  of  this  great  bedded  vein  every 
half  mile  or  so,  there  is  stripping  ground  fully  225  feet  on  the  inclined  face  of  the 
ore  body.  Measuring  from  the  surface  down,  an  average  of  30  feet  will  be  hydrated 
sesquioxide  of  iron,  with  crystals  of  copper  carbonate  in  the  lower  portion.  The 
next  3  feet  will  be  oxide  of  copper  and  copper  glance ;  the  remainder,  above  water- 
level,  or  192  feet,  will  be  mundic  or  iron  pyrites,  with  a  variable  proportion  of  cop- 
per pyrites  containing  on  an  average  2.]  per  cent,  copper  and  45  per  cent,  sulphur, 
the  residue  mainly  iron  and  gangue.  A  very  considerable  deduction  has  been  made 
for  intrusions  of  gangue,  for  the  vein  is  sometimes  75  feet  thick  between  its  walls  of 
talcose  slates  and  schists. 

"The  body  of  pyrites  in  this  length  of  fifteen  miles,  which  has  been  thoroughly 
explored,  may  be  claimed  by  a  not  unreasonable  conjecture  to  be  ten  miles  in  length 
(one-third  out  for  loss  in  ravines,  etc.)  by  192  x  33  feet."  C.  R.  Boyd,  "Ores  of 
Cripple  Creek,  Va.,"  Transactions  American  Institute  Mining  Engineers,  June,  1883. 
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burning  to  pyrites-burning,  and  are  asking  for  information  as  to 
sources  of  future  supplies.* 

The  distribution  of  these  and  some  other  deposits  is  shown  on  the 
accompanying  map,  in  which  they  are  numbered  as  follows. 


1.  Birmingham,  Alabama. 
2i   Copper  mines,  Georgia. 

3.  Duci<town,  Tennessee. 

4.  Carroll  county,  Virginia. 

5.  Lyncliburg,  Virginia. 

6.  Louisa  county,  Virginia. 

7.  Cecil  county,  Maryland. 

8.  Zinc  mines,  New  Jersey. 


9.  Anthony's  Nose,  New  York. 

10.  Iron  mines,  Connecticut. 

11.  Rowe  mines,  Massachusetts. 

12.  Ely  copper  mines,  Vermont. 

13.  Milan  copper  mines,  N.  H. 

14.  Copper  mines,  Maine. 

15.  Capelton,  Canada. 

16.  Brockville,  Canada. 


It  may,  however,  be  interesting  before  leaving  the  subject  of  sur- 
face-ores of  iron,  to  note  the  possibilities  of  utilizing,  at  no  distant 
day,  the  very  large  deposits  of  hematites  found  throughout  this 
section,  which  are  available  in  part  at  present,  and  will  be  wholly 
so  when  proper  drainage  of  underlying  pyrites  beds  shall  have  been 
accomplished.  In  this  connection  I  submit  the  following  estimate 
of  cost  of  making  pig-iron,  based  upon  statements  of  several  well- 
informed  parties,  viz. : 

2nons  of  ore  mined  and  delivered  @  $1.50,  .         .         .         .  $3  37 

1^  tons  coal  or  coke  @  $3.50 4  38 

Limestone, 1  00 

Labor,  repairs,  etc.,  .........  3  00 

Cost  of  one  ton  pig  iron,  ........  $11  75 

Freight  to  tidewater,         ........  75 

Total, $12  50 

In  itself  this  statement  is  sufficiently  striking  to  merit  attention, 
in  view  of  the  fact  that  Northern  States  are  quoting  a  cost  of  over 
eighteen  dollars  per  ton  as  an  average. 

The  success  attending  the  enterprises  first  mentioned,  and  further 
south  on  the  same  general  belt,  warrant  the  belief  that  in  the  near 
future,  pig-iron  can  be  produced  and  sold  on  tidewater  at  a  profit  in 
the  Southern  States  for  about  the  cost  of  production  in  Pennsylvania. 

As  before  remarked,  the  iron  deposits  of  Louisa  county  are  un- 
derlaid with  sulphide  of  iron.  I  am  led  to  believe  that  originally 
the  entire  deposit  was  pyrites,  and  that  the  subsidence  of  waters  or 


*  There  were,  January  1st,  1882,  in  the  United  States  only  two  manufacturers 
burning  pyrites,  and  using  100  tons  per  day  of  Canada  ores,  in  which  they  were  in- 
terested. At  this  date  about  400  tons  per  day  are  burned  by  eighteen  works.  In 
other  words,  there  has  been  300  per  cent,  increase  in  about  two  years. 
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elevation  of  land  gave  opportnnity  for  those  changes  on  the  snrfaeo 
wliioh  poreohiting  waters  and  attendant  eheniioal  deeompo^^itions  in- 
variably pnxluee.  The  physical  strnctnre  of  the  veins,  as  already 
develo{Hxl,  clearly  indicate  that  movements  mnst  have  taken  place 
after  the  formation  of  i>vrites,  cansing  fissnres,  l)reaks,  discolora- 
tions,  etc.  The  cross-section  of  the  vein  at  the  slope  of  the  Armi- 
nius  mines,  on  the  accompanying  i)late,  shows  partially  the  forces  ex- 
erteil,  bnt  no  adeqnate  itlea  can  he  formed  of  extremes  of  compression 
on  the  varions  strata  without  personal  inspection  of  the  underground 
workings. 

The  pyrites  is  found  at  this  mine  60  feet  from  the  surface,  and  to 
the  150-foot  level  is  generally  decomposed  and  granular  in  form, 
and  permeatetl  by  water  so  heavily  charged  with  iron  and  copper 
salts  as  to  destroy  pipes  or  tools  in  a  few  weeks.  These  waters 
have  so  far  remained  nearly  constant  in  strength,  and  are  evidently 
confined  to  distinct  strata,  as  neither  the  foot  nor  the  hanging  slates 
yield  other  than  pure  water. 

Geologically,  these  deposits  lie  wdiolly  in  the  primary  rocks,  here 
consisting  of  gneisses  and  crystalline  schists  (micaceous,  chloritic, 
and  argillaceous),  within  boundary  inclosing,  say,  three  miles  width 
by  ten  miles  length,  the  course  being  generally  northeast  and  south- 
west. 

I  cannot  more  correctly  state  the  existing  features  of  the  district, 
mainly  covered  by  the  properties  of  the  Sulphur  Mines  Company 
of  Virginia  and  the  Arminius  copper  mines,  than  by  referring  to  the 
accompanying  plate  and  by  quoting  Schoniehen,  who  says,  relative 
to  Spanish  and  Portuguese  mines  [Dingl.  Journal,  clxx.,  j).  448): 

"All  the  beds  are  within  a  belt  of  5  leagues  width  by  30  leagues 

length Prevailing  rocks,  clay  slates  and   crystalline  slates. 

Parallel  to  the  granitic  tract  of  the  Sierra  Morena,  felsite  porphyry 
and  quartzite  have  broken  through  the  slates,  and  only  in  the  neigh- 
borhood of  such  dykes  are  the  pyrites  beds  found.  Their  shape  is 
that  of  large  lenticular  pockets  in  metamorphic  clay  slate,  from  20 
to  36  fathoms  thick  and  extending  to  a  length  of  170  to  200 
fathoms.  The  whole  bed  is  filled  with  pure  pyrites  without  appre- 
ciable gangue.  These  beds  are  found  in  a  few  places  at  2  fathoms 
below  the  surface  undecomposed  and  in  a  sandy  condition,  easily 
got  by  pit-work.  In  other  places  tlie  zone  of  decomposition  reaches 
from  10  to  50  fathoms  downwards." 

These  features  are  observable  in  Louisa  county  as  distinguished 
from  any  other  deposit  known  to  me  in  this  country.     In  addition, 
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the  following  table  of  analyses  of  ores  from  the  several  properties 
shows  the  most  remarkable  feature  to  be  the  absence  of  arsenic  in 
every  case,  in  striking  contrast  to  ores  from  any  other  pyrites  mines 
of  magnitude  in  the  world. 

Analysis  by  Dr.  A.  Volcker,  of  London,  June  SOth,  1881. 

Sulphur, 48.02 

Iron, 42.01 

Ferric  oxide, 1.93 

Sulphuric  acid, . 44 

Silica, 7.60 

Copper, none 

Arsenic, none 

100. 

Analysis  by  Dr.  W.  H.  Taylor,  State  Chemist  of  Virginia. 

Sulphur, 46.40 

Arsenic, none 

Analysis  by  Charles  Tennant  &  Co.,  St.  Rollax  Chemical  Works, 
Glasgow,  June  3d,  1881. 

Sulphur  (dry)  50  per  cent.,  or  say  Bisulphide  of  iron,  .  93  8  per  cent. 

Siliceous  matter, 6.2         " 

Copper, none 

Arsenic, none 

Many  analyses  made  in  this  country  give  results  from  46  per 
cent,  to  51.5  per  cent,  of  sulphur,  copper  from  0.5  per  cent,  to  9.72 
per  cent.,  traces  of  gold  and  silver,  but  m  no  case  has  arsenic  been 
found. 

The  following  table  of  analyses  is  presented  to  facilitate  com- 
parison with  the  best  known  foreign  ores: 
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Arminius  Copper  Mines, 

49.27 

43.62 

1,50 

0.38 

1.32 

4.23 

Sulphur  Mines  Co.  of  Va. 

50. 

43. 

6.02 

Wicklow,  Ireland,      .     . 

38.79 

36.06 

2.57 

1.80 

.39 

19.71 

Norway 

47.55 

41.92 

.90 

1.26 

3.38 

6.15 

Rio  Tinto,  Spain,   .     .     . 

47.87 

40.93 

3.82 

.62 

.10 

.19 

.26 

5.42 

San  Domingo,  Portugal, . 

46. 

43.50 

3.10 

1.60 

.32 

.30 

5.18 

Capelton,  Canada,  .     .     . 

46.60 

43.10 

3.15 

.45 

.15 

1.30 

.15 

5.10 
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The  principal  points  to  be  established,  in  order  to  enlist  capital  in 
the  proper  development  of  such  deposits,  without  which  develop- 
ment there  can  be  no  benefit  to  the  trade  of  the  United  States,  are: 

Ist.  Value  of  the  pyrites. 

2d.  Extent  of  the  deposits. 

3d.  Accessibility  to  markets. 

Relative  to  the  value  of  the  material,  I  think  scientific  inquiry  is 
fully  answered  by  reference  to  the  analyses  already  given,  and  com- 
mercially, the  burning  of  many  thousands  of  tons  for  the  production 
of  sulphuric  acid  during  the  ])ast  ten  years  has  demonstrated  this 
point  beyond  any  question.  In  this  connection  an  eminent  chemist, 
and  manager  of  the  largest  alkali-works  in  Great  Britain,  says : 
"There  is  no  difficulty  whatever  in  working  I^ouisa  county  ore. 
It  works  much  better  than  '  Tharsus  i)yritcs,'  contdins  no  arsenic, 
and  is,  therefore,  quite  suitable  for  making  pure  acid  for  sale,  and 
would  replace  for  this  purpose  brimstone  or  Sicilian  sulphur.  Our 
furnace  (Spence's  mechanical  shelf-burner)  can  do  25  per  cent,  more 
work  with  this  than  with  'Tharsus  ore,'  and  I  should  be  glad, 
indeed,  if  we  could  obtain  materials  of  this  class  for  our  purposes 
here." 

The  well-known  German  chemist,  Mr.  William  Barsch,  of  the 
Fairfield  Chemical  works,  a  gentleman  of  wide  experience  in  burn- 
ing all  classes  of  foreign  ores,  pronounces  these  "exceptionally  free 
from  scar  or  clinker,  the  cinders  coming  from  the  kilns  in  as  perfect 
a  form  as  when  charged  ;"  and  adds,  "They  give  less  than  five  per 
cent,  'smalls  '  or  'fines'  in  breaking  to  kiln-size,  and  do  not  decrepi- 
tate in  firing." 

Other  disinterested  testimony  might  be  given,  but  is  unnecessary, 
in  view  of  the  detailed  analyses  presented,  and  the  fact  that  large 
amounts  of  ore  are  now  being  shipped  to  manufacturers  of  sulphuric 
acid,  entering  into  direct  competition  with  brirastonp. 

This  may  be  shown  practically  as  follows : 

One  ton  of  brimstone  (seconds)  costs  in  New  York  $26.00,  and 
contains  98  units  of  sulphur,  or  say  26  J  cents  per  unit. 

Two  and  one-quarter  tons  of  Virginia  pyrites  delivered  in  New 
York  costs,  (5  $6.00,  $13.50,  and  contains  98  units  of  sulphur  saved, 
or,  say,  13J  cents  per  unit. 

These  facts  are  yet  too  little  known  among  our  manufacturers  and 
scientific  men.  They  are  so  plainly  understood  abroad,  however,  as 
to  have  changed  the  trade  in  manufacturing  acids  within  the  last 
fifteen  years.     Already   over  the  entire  continent  of  Europe  the 
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price  of  acids,  copper,  purple  ore,  and  even  sodas  is  affected  by  the 
action  of  the  combined  pyrites-companies,  who  wield  an  influence 
equivalent  to  that  of  the  oil-monopoly  of  our  own  country.  There 
can  be  no  possible  competition  between  brimstone  at  its  lowest  ob- 
tainable cost,  say  twenty-one  dollars  per  ton  in  New  York,  and 
pyrites  with  an  equal  sulphur-product,  easily  to  be  obtained  at 
twelve  dollars. 

Copper  must  eventually  be  a  source  of  income  from  these  deposits. 
There  has  already  been,  in  a  desultory  way,  some  developing  of  the 
copper-bearing  portions  of  the  veins,  resulting  in  sales  of  perhaps 
$60,000  value. 

The  general  similarity  of  the  ores  to  those  of  Rio  Tinto  in  Spain, 
would  indicate  that  at  greater  depth  a  part  will  be  suitable  for 
copper-extraction. 

The  iron  is,  however,  an  element  which  in  the  near  future  must 
yield  large  profits. 

By  the  "direct  process"  the  residue,  after  extraction  of  copper 
and  sulphur,  can  be  converted  into  muck-bars  at  very  low  cost. 
This  class  of  residual  matter  now  sells  readily  in  the  markets,  and 
will  compete  successfully  with  the  better  grades  of  foreign  ores. 

The  gold  and  silver  that  almost  invariably  accompany  this  class 
of  pyrites,  may  be  commercially  valuable,  but  have  not  yet  been 
counted  as  factors  of  profit.  Quartz-veins  are  found  at  varying 
distances  from  the  main  pyrites- veins,  from  which  considerable  gold 
has  been  recovered  ;  and  the  beds  of  the  creeks  in  the  neighborhood 
have  also  furnished  several  hundred  thousand  dollars'  worth  of  wash- 
gold  during  the  last  fifty  years. 

The  extent  of  the  deposits  may  be  said  to  have  been  explored 
sufficiently  to  warrant  contracts  for,  say,  one  thousand  tons  daily  for 
many  years  to  come.  Machinery  is  now  being  put  in,  capable  of 
delivering  to  the  surface  500  tons  daily,  and  when  the  branch  rail- 
way is  completed,  reaching  to  the  extreme  end  of  the  district,  twice 
that  amount  can  be  delivered  if  required.  The  deposit  shown  in 
the  accom|)anying  plate,  has  the  minimum  width  developed  by 
either  company  mentioned,  and  will  give  a  fair  idea  of  the  ease  with 
which  large  quantities  can  be  placed  on  the  surface. 

As  to  accessibility,  it  suffices  to  say  that  these  mines  are,  in  round 
numbers,  60  miles  from  tidewater  at  Richmond,  and  130  miles  from 
Newport  News,  Va.  Both  these  cities  are  terminal  points  for  the 
Chesapeake  and  Ohio  Railway,  and  are  fitted  with  coal-pockets, 
chutes,  and  all  facilities  for   the  transfer  of  ores  direct  to  vessels. 
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Especially  is  this  the  case  at  Newport  News,  where  20  to  40  feet  of 
water  are  ohtainable,  and  berths  for  six  vessels  at  a  time,  at  the  coal- 
wharves  alone.  The  situation  of  this  port  on  Hampton  Roads,  a 
land-lockeil  harbor  for  the  vessels  of  the  world,  with  no  ice  or  dan- 
gerous channels,  permits  freight  to  be  secured  at  all  seasons  for 
coast  ^wrts,  with  but  one  handling  from  the  mines.  Owing  to  this 
very  favorable  location  in  proximity  to  cities  of  export  for  cotton 
and  grain  (the  new  elevator  at  Newport  News  stores  1,600,000 
bushels  of  grain,  and  loads  a  vessel  up  to  100,000  bushels,  inside  of 
eight  hours),  it  becomes  possible  for  the  Louisa  mines  not  only  to 
supply  the  trade  at  home,  but  to  export  the  pyrites. 

Liverpotd  is  distant  from  Newport  News  3100  miles.  Glasgow 
is  distant  from  Newport  News  3500  miles.  Havre  or  Bremen  is 
distant  from  Newport  News  3400  miles. 

As  ballast  in  cotton  ships,  ores  can  be  shipped  half  the  year  for 
2^.  to  3.S.  sterling  as  against  14s.  from  Hnelva,  Spain,  to  England. 

One-third  of  the  cotton-crop  of  this  country  last  year  was  loaded 
at  Norfolk  and  Richmond.  This  insures  all  the  tonnage  neces- 
•sary  to  transport  ores  abroad  at  minimum  freight. 

All  inland  cities  within  500  miles  from  the  mines  will  eventu- 
ally secure  their  supplies  of  pyrites  by  means  of  railroads,  in  the 
same  manner  as  coal  or  coke  is  now  carried  over  long  routes.  The 
railroads  are  sure  to  underbid  for  this  desirable  class  of  freight,  even 
to  seaboard  cities,  if  within  reasonable  distance. 

The  Institute  may  expect  to  hear  more  of  this  new  mining  indus- 
try through  the  developments  and  legitimate  operations  inaugurated 
on  a  liberal  scale  by  the  present  c()m[)anies,  which  operations  must 
redound  to  the  credit  of  the  State,  settle  within  her  borders  a  new 
and  busy  colony,  and  bring  into  direct  consumption  large  quanti- 
ties of  minerals  heretofore  considered  commercially  valueless. 
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CERTAIX  SirVI-JR  AXD  IROX  ^FIXFS  TX  THE  STATES  OF 
XL'EVO  LEOX  AXl)  COAHUILA,  MEXICO. 

BY   DR.    PEKSIFOR   FRAZER,   PHILADELPHIA,   PA. 

The  mines  wliitli  I  am  about  to  describe  are  all  situated  in  tlie 
northern  part  of  the  States  of  Xuevo  ]-«eon  and  Coaiiuila,  Mexico, 
between  the  twenty-sixth  and  twenty-seventh  degrees  of  latitude. 
They  miorjit  be  irron})ed,  oro«;raphically,  into  four  classes:  1.  Those 
in  the  Sierra  de  la  Y^uana  chain;  2.  Those  in  the  Sierra  de  Gomez 
chain  ;  3.  Those  in  the  Cerro  Mercado  ;  4.  Those  in  the  Sierra  de 
San  Marcos  chain.     (See  large  map.) 

The  first  two  of  these  may  be  further  arranged  in  one  geographi- 
cal district,  to  which  the  name,  "the  Villaldama  district,"  may  be 
applied,  and  the  last  may  be  ascribed  to  the  geographical  district  of 
"  Monclova." 

Geologically  described,  the  country  rock,  in  which  four  of  the  six 
mines  occur,  is  a  limestone,  concerning  which  a  few  words  will  be 
said  further  on,  to  wit:  The  Arroyo  (gulch),  the  Montaflos  and  the 
Pinitos  (pines),  in  the  Villaldama  district,  and  La  Paloma  (the 
dove),  or  Iron  Miii^\  in  the  Monclova  district. 

The  Sail  Rafael  ajij)cars  to  lie  in  granite,  or  a  heavy-bedded 
gneiss,  presenting  most  of  tlie  characteristics  of  the  latter,  though  the 
contact  plane  of  the  limestone  is  not  far  off'. 

It  is  certainly  worthy  of  attention  that  the  ore  occurs  in  that  por- 
tion of  the  crystalline  rock,  which  is  nearest  to  the  limestone,  and  it 
has  been  thought  by  some  observers  to  be  a  true  contact  vein.  It  is 
well  known  that  veins  of  this  character  are  very  often  distinguished 
for  constancy  and  richness.  Although  the  undersigned  cannot  en- 
tirely free  himself  from  the  impression  that  this  proximity  of  differ- 
ent formations  has  had  an  important  influence  in  the  origin  of  the 
part  of  the  vein  on  which  this  mine  is  situated;  still  he  was  unable 
to  establish  it  actually  at  the  contact  of  the  limestone  and  granite, 
but  rather  a  short  distance  within  the  latter.  Two  openings  of  the 
Riojas  vein  were  respectively  in  limestone  and  in  rotten  whitish 
granite,  but  this  fact,  if  established  (as  by  the  correspondence  of  the 
strike   line  of  the  vein   in  direction  with  that  of  a  line  joining  the 
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two  openings,  and  the  existence  of  an  outcrop  from  one  to  the  other 
it  appeared  to  be),  would  only  establish  completely  the  independ- 
ence of  the  fissure  in  which  the  vein  was  f()rmed  from  this  plane  of 
contact,  which  it  intersects  obliquely. 

Unfortunately,  no  systematic  geological  work  has  been  done  in 
Mexico,  so  far  as  the  writer  knows,  and  thus  many  questions,  which 
could  otherwise  be  at  least  provisionally  settled  by  the  analogies  of 
similar  occuirences  in  the  United  States,  must  be  dealt  with  in 
another  way. 

The  geological  facts  are  that  there  is  an  enormously  thick  mass  of 
limestone,  which  appears  to  form  the  greater  number  of  mountain- 
chains  in  the  district,  of  which  I  have  given  the  boundaries,  and 
down  as  far  south  as  Monterey.  On  the  Mexican  National  Railroad, 
just  before  reaching  the  station  of  Lampazos,  one  turns  the  end  of  the 
chain  known  as  the  Yguana,  which  extends  to  the  river  Sabinas. 

This  range  of  mountains  (which  has  an  average  height  above  the 
plain  of  about  3000  feet,  and  above  the  sea  of  over  4000  feet")  is 
composed  exclusively  of  limestones,  and  throughout  a  great  part  of 
its  extent  it  shows  the  most  evident  signs  of  metamorphism.  It  is 
most  frequently  of  a  drab  or  bluish-drab  color;  breaks  with  a  con- 
choidal  fracture  and  sharp,  angular  edges  ;  contains  very  frequently 
cavities  filled  with  crystallized,  white  calcite,  and  not  unfrequently 
appears  {i.e.,  at  Piedras  Pintas  or  the  "Painted  Rocks")  as  a  succes- 
sion of  heavy  and  thin,  bluish  and  reddish  layers,  often  weathered 
into  the  most  fantastic  forms  (as  in  the  caiion  of  the  Portrero).  This 
limestone  has  few  of  the  characteristics  which  geologists  are  wont  to 
associate  with  the  great  Lower  Silurian  lin)estone  of  the  United 
States,  the  one  particular  in  which  it  resembles  and  even  surpasses 
the  latter  being  its  enormous  thickness.  From  a  few  hastily-ob- 
tained, approximate  data,  taken  in  the  Sierra  de  Gomez,  near  the 
Montafios  mines,  and  presently  to  be  considered,  it  appeared  that 
this  limestone  is  not  less  than  6000  feet,  or  a  mile,  in  perpendicular 
thickness,  and  may  be  much  more. 

At  present,  the  axes  of  the  mouutain  ranges  of  the  Sierra  de  la 
Yguana  and  the  Sierra  de  Gomez  are  also  the  axes  of  anticlinals; 
the  broad  valley  of  Villaldama,  therefore,  representing  a  synclinal 
trough  from  the  foot  hills  which  lie  N.E.  of  it  to  the  latter  range. 
The  area  between  these  same  foot  hills  and  the  Yguana  chain  rep- 
resents another  smaller  synclinal  trough,  and  each  is  filled  in  with, 
probably,  discordant  rocks  of  a  much  later  period.      These  are, 
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in  turn,  weathered  as  well  as  strewn  with  debris  of  a  quite  recent 
origin.  (See  Section  Plate  1.)  This,  tiien,  is  the  structure  of  this 
portion  of  Xuevo  Leon  as  well  as  the  writer  lias  been  able  to  ascer- 
tain it.  The  esxsential  points  are:  1st.  All  the  rocks  visible  across 
this  section  are  calcareous.  2d.  The  mountain  chains  which  bound 
it  on  either  side  are  the  oldest  formations  exposed  to  view.  3d.  They 
cover  two  anticlinals,  and  the  correspondence  of  the  dip  of  the  rock 
with  tlie  slope  of  the  mountain  sides,  and  of  the  summits  with  the 
point  at  which  the  dip  changes,  are  very  Ptriking.  4th.  This  lime- 
stone is  enormously  thick — more  than  a  mile — and  shows  signs  of 
nietamorphism  in  a  great  many  places  where  it  was  examined,  lead- 
ing to  the  l)elief  that  the  strata  composing  it  were  at  one  time 
sui)jected  to  high  heat  and  great  pressure  while  deeply  buried  under 
sediments,  which  were  torn  away  at  a  subsequent  period. 

5th.  These  limestone  mountains  are  intereected  by  a  great  number 
of  veins,  of  which  calcite  forms  the  principal  material,  though  barite 
has  also  been  frequently  observed.  Numbers  of  these  veins  are 
barren  of  the  precious  metals,  so  far  as  is  yet  known,  but  a  large 
number  carry  argentiferous  galena  ores  mixed  with  zinc  blende,  some- 
times not  in  paying  quantities.  Lead,  silver  and  zinc  may  not  only 
be  said  to  be  the  chief,  but  the  only  metals  present  in  these  ores, 
with  the  exception  of  the  usual  amount  of  all-pervading  iron. 

6th.  The  strike  of  these  ranges  is,  roughly  speaking,  northwest 
and  southeast.  To  be  more  accurate,  the  Sierra  de  la  Yguana  strikes 
W.  20°  K-(N.  70°  W.),  and  the  Sierra  de  Gomez,  N.  25°  W.,  whence 
it  is  readily  seen  that  their  respective  axes  are  oblique  to  each  other, 
and  would  intersect  if  |)roduced  across  the  larger  valley  of  Villal- 
dama  at  an  angle  of  50°.     (See  large  map.) 

They  are  evidently  two  radial  crumplings  of  the  strata,  and  if 
continuous  would  meet  near  to  the  settlement  of  Pajaros  Azules 
in  Coahuila,  about  the  N.W.  extremity  of  the  short  chain  called 
the  Sierra  Madre  (but  no  part  of  the  chains  known  by  that  name 
either  in  the  United  States  or  just  west  of  Monterey). 

One  physical  feature  which  distinguishes  the  mountain  chains  of 
the  limestone,  is  their  general  tendency  to  divide  into  a  number  of 
precipitous  belts,  of  which  one  almost  always  forms  the  capping 
of  the  range  and  gives  it  a  mesa-like  appearance  as  if  a  mass  of 
molten  matter  had  been  poured  out  upon  a  level  surface  and  had 
been  afterwards  eroded  or  broken  down  by  the  subsidence  of  the 
strata  on  which  it  rested. 

This  comparison  is,  however,  only  used  in  a  most  general  way, 
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as  the  oolumnar  appearance  of  the  narrow  faces  in  the  re-entrant  an- 
gles of  the  mountain  caps  are  only  like  the  prismatic  appearance  of 
igneous  rock  when  at  a  distance  :  on  a  near  view  these  successive  belts 
of  thick  limestone  leave  no  possible  doubt  of  their  sedimentary  ori- 
gin, and  show  equally  clearly  that  the  fluted  appearance  is  due  to 
the  general  prevalence  of  cleavage  planes,  perpendicular  to  the  sur- 
faces of  the  strata.  Nevertheless,  the  views  whi(;h  they  present  are 
very  imposing,  and  together  with  the  bold  and  rugged  lines  of  the 
escarpment  produce  magnificent  scenery.  (See  frontispiece.  See 
also  in  this  connection  the  handsome  illustrations  in  Emory's  Mex- 
ican Boundary  Survey,  and  the  view  on  the  opposite  page,  from  a 
photograph  of  the  smelting  works  of  the  Parefia  mine,  in  the  Sierra 
Mojada.) 

As  will  be  found  by  reference  to  the  tables  of  barometer  levels, 
the  Sierra  de  la  Yguana  is  not  so  high  a  range  as  the  Sierra  de  Go- 
mez, or  perhaps  it  would  be  more  accurate  to  say  that  the  portions 
of  the  two  ranges  which  were  visited  differed  in  altitude  by  2000 
feet  in  favor  of  the  Sierra  de  Gomez,*  though  this  diiference  in  height 
is  not  far  from  the  correct  one. 

The  age  of  this  great  mass  of  limestone  is  an  important  matter, 
even  in  ah  economical  point  of  view,  and  great  pains  were  taken  to 
obtain  fossils  which  would  determine  it,  but  the  highly  altered  state 
of  the  limestone  makes  fossils  very  rare.  Nevertheless,  a  few  were 
obtained  from  the  rocks  on  the  slope  of  the  Yguana  chain,  near  to 
the  Minas  Viejas,  the  best  of  the  very  few  specimens  being  found 
in  the  wall  around  the  jacal  [pronounced  "hakal"). 

Prof.  Angelo  Heilprin,of  the  Academy  of  Natural  Sciences,  Phila- 
delphia, has  had  the  kindness  to  examine  these  specimens  at  my  re- 
quest, and  informed  me  that  there  were  no  remains  well  enough  jM-e- 
served,  to  enable  one  to  be  certain  of  the  specific  name,  but  that  in 
general  terms  all  the  fossils  belonged  to  the  shell  family  AviGulidcey 
and  probably  to  the  genera  Pterinopeden,  Adinoptera,  and  Leioptera. 
Unfortunately  these  forms  existed  from  the  later  Silurian,  through 
the  Devonian  and  Carboniferous  ages  and  into  the  Permian  epoch. 
Prof  Heilprin,  however,  thinks  that  the  fossils  are  more  likely  to 
be  from  the  middle  than  from  the  extreme  members  of  the  series 
just  named,  in  other  words,  they  are  Devonian  or  Carboniferous. 

Prof.  James  Hall,  the  highest  authority  on  the  subject,  was  good 

*  Amidst  the  conflicting  authorities  for  names  of  these  mountains,  the  writer  has 
fallen  back  upon  the  map  of  Nuevo  Leon,  published  by  D.  Nigra  de  Sun  Martin 
in  1853. 
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enough  to  seiui  ine  the  following  statement  regarding  the  fossiliferous 
limestone  fragments  which  I  sent  him,  taken  also  from  Piedras  Pintas 
and  Minas  A'iejas. 

New  York  State  Mvsevm  of  Natural  History,  January  16th,  1884. 

Dr.  Persifor  Frazer, 
Dear  Sir  .... 

The  limestone  you  enclosed  contains  two  or  three  fossils  which  can  be  recog- 
nizeti  generally  at  least.  Two  of  these  are  of  ^e/r6;-a^i(/o(rf  character,  and  one  pe^- 
tenoid,  probably  an  uvirulopecten. 

I  infer  from  the  character  of  these  organisms  as  well  as  from  the  physical  as- 
pect of  the  rock  that  it  is  of  the  age  of  the  carboniferous  limestone  series,  which  is 
so  largely  developeil  in  the  southwest. 

The  formation  is  essentially  an  extension  of  the  great  coal  measures,  but  mostly 
destitute  of  the  carbonaceous  element. 

I  have,  somewhere  in  Emory's  report  of  tlie  Mexican  Boundary  Survey,  given 
my  views  of  what  I  conceive  to  be  the  same  limestone.*  .... 

Very  truly  yours, 

James  Hall. 

Guadalupe  Station  and  Smelting  Works. 

This  point,  which  is  destined  to  play  an  important  role  in  the 
future  development  of  Northern  Mexico,  is  now  a  flourishing  little 
hamlet,  distant  about  a  league  from  Villaldarua,  and  has  been  re- 
claimed from  the  desert  appearance  which  the  dryness  of  the  soil  away 
from  the  streams  gives  to  this  part  of  Mexico,  by  the  untiring  exer- 
tion and  perseverance  of  Mr.  Casper  Butcher,  aided  by  the  able  assist- 
ants whom  he  has  had  the  discretion  to  call  around  him.  One  sees 
for  a  long  distance  in  every  direction  over  the  flat  valley  the  chim- 
ney of  the  smelter  and  the  two  shingle-roofed  houses  which  constitute 

*  The  observations  to  which  Professor  Hall  refers  will  be  found  in  Vol.  I.,  Part  2, 
pp.  122-125,  inclusive,  of  the  Report  of  the  United  States  and  Mexican  Boundary 
Survey.     William  H.  Emory,  Washington,  1857. 

The  following,  relating  to  the  limestones  northwest  of  the  Limpia  range,  from  p. 
107  of  the  same  volume  and  part,  by  the  same  author,  will  be  found  very  inter- 
esting: 

"Although  these  specimens  present  no  well-marked  fossil  species,  I  am  neverthe- 
less quite  convinced,  from  the  character  of  the  fragments  preserved,  that  the  rock  is 
of  the  age  of  the  upper  carboniferous  limestone.  Tiie  condition  and  character  of 
the  rock  with  the  fragmentary  fossils  is  precisely  identical  with  specimens  from  the 
neighl)orhood  of  the  Great  Salt  Lake,  and  other  western  localities.  They  contain 
remains  of  small  Terebratula  in  like  manner:  and  the  numerous  fragments  of  or- 
ganic bodies  which  cover  the  weathefed  surfaces,  indicate  sufficiently  that  the  rock 
is,  in  a  great  measure,  composed  of  similar  materials.  Some  of  the  specimens  are 
qnite  compact,  and  others  are  granular  in  texture;  they  are  traversed  by  minute 
veins,  sometimes  of  calcareous  spar,  and  sometimes  of  harder  material,"  etc. 

The  limestone  here  referred  to  is  in  all  probability  of  the  same  age  with  that 
forming  the  Yguaua,  Gomez  and  St.  Marcos  chains. 
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the  sleeping  and  dining  departments  of  the  settlement.  In  fact, 
from  the  summits  of  the  mountains,  twenty-five  miles  away,  these 
buildings  are  the  most  prominent  objects  in  the  entire  horizon.  The 
description  of  the  capacity  and  construction  of  tiie  smelter  does  not 
enter  into  the  purpose  of  this  communication. 

It  will  be  enough,  therefore,  to  say  in  this  place  that  the  smelter 
is  designed  for  custom  ores,  i.e.,  it  is  designed  to  take  silver  and 
lead  ores  of  all  kinds  from  the  mines  of  the  district,  and  reduce  them 
for  a  stipulated  price.  This  Fraser  and  Chalmers  smelter  is  favorably 
located  on  the  Villaldama  river  or  creek  (which  is  said  never  to  be 
dry),  and  immediately  on  the  Mexican  National  railroad,  about  one 
hundred  and  ten  miles  from  Ivaredo,  Texas,  and  sixty-six  miles  from 
Monterey.  As  a  consequence  of  this,  when  the  present  very  harass- 
ing administration*  of  the  Mexican  custom-house  at  Laredo,  Tamau- 
lipas,  is  ameliorated,  as  the  writer  is  assured  that  it  will  be  in  a 
short  time,  machinery  or  materials  for  repairs  can  be  telegraphed  for 
and  delivered  from  Laredo,  Texas,  at  the  smelter  the  same  day. 
Similarly  the  routes  for  the  transportation  of  ore  from  the  Arroyo 
and  from  the  Montanos  and  Pinitos  mines  are  comparatively  short 
and  easy,  and  their  carriage  may  be  effected  either  in  wagons  or  by 
an  ore  tramway  as  circumstances  may  justify. 

The  distance  from  Guadalupe  Furnace,  northeast  to  the  Arroyo 
mine,  is  about  sixteen  miles  in  a  direct  line,  and  perhaps  twenty-five 
miles  following  the  direction  that  one  is  obliged  to  take.  (See  Sketch, 
Map  No.  2.)  The  first  two  and  a  half  or  three  miles  to  the  low  foot 
hills  is  a  gentle  ascent  of  only  225  feet  which  is  hardly  increased  in 
the  succeeding  seven  or  eight  miles  to  Piedras  Pintas  wherethe  foot 
hills  of  the  Yguana  are  first  encountered.  The  entire  distance  up  to 
this  point  is  over  a  very  gently  undulating  plain  teeming  with  Nopal, 
Maguey,  Lechugilla,  and  interspersed  plentifully  with  the  Palma 
Real.  A  road  can  be  made  in  almost  any  direction  over  this  plain, 
which  is  free  from  deep  arroyos  or  acequias.f  Even  for  the  five  miles 
or  so  which  are  traversed  from  the  Piedras  Pintas  to  the  foot  of  the 
steep  ascent  of  the  main  range,  the  rise  is  only  1500  feet  or  about 
300  feet  to  the  mile;  which  permits  of  an  inexpensive  road,  being 
made  to  carry  heavy  ore  carts,  or  of  a  mining  tramway.  An  additional 
facility  for  the  construction  of  either,  is  found  in  the  very  numer- 
ous boulders  and  pebbles  of  hard  limestone  which  are  found  in  the 
bed  of  the  gulch  which  leads  up  from  Piedras  Pintas  between  two 

*  December,  18S3.  t  Ravines  or  irrigating  ditches. 
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spurs  to  the  main  chain  of  the  Yjjnana.  These  permit  repairs,  filling, 
and  embankment  to  be  (.lone  with  less  cost  tiian  if  the  materials  for 
such  structures  were  only  obtainable  from  a  distance,  or  tiie  rock 
massive. 

Here,  probably,  the  main  road  (if  the  transportation  were  by  te«m 
to  the  Guadalupe  Furnace)  should  terminate,  although  there  would 
be  no  difficulty,  except  the  ex[)ense,  in  the  way  of  constructing  a 
road  either  for  wagons  or  tram-cars  to  the  summit  of  the  ranire. 
Questions  of  this  kind  cannot  be  dcfniitely  determined  until  the 
mines,  on  account  of  which  they  arise,  have  been  more  fully  de- 
veloped. From  the  head  of  the  gulch  the  ascent  is  rapid  to  a  cer- 
tain cedar-tree  on  the  western  flank  of  the  mountain  which  marks 
the  junction  of  the  trails  to  the  mines  from  Guadalupe  station  or 
Villaldama,  and  from  Candela.  This  cedar-tree  is  assumed  in  the 
absence  of  accurate  data  as  about  1225  feet  above  the  Piedras  Pin- 
tas,  or  the  mouth  of  the  gulch  between  the  spurs  of  the  Ygnana 
range.  The  altitude  of  this  horizon  above  the  sea  is  3212  feet  by 
uncorrected  aneroid  barometer,  or  600  feet  above  the  foot  of  the  steep 
ascent.  The  rise  from  here  to  the  crest  of  the  range  by  zig-zag  road 
is  1250  feet,  this  elevation  being  by  the  same  instrument  (and  sub- 
ject to  the  same  errors)  4462  feet  above  sea  level.  As  may  be  seen 
in  this  same  very  rough  sketch  the  "  Old  Mines  "  or  Minas  Viejas 
now  belonging  to  and  owned  by  the  Guadalupe  Company  lie  beyond 
or  east  of  the  summit  and  about  400  feet  below  it  in  altitude.  The 
Arroyo  mine  lies  about  northwest  from  the  jacal  or  walled  domicile 
built  for  the  accommodation  of  the  workers  of  these  mines,  and  is 
distant  somewhere  between  three  and  four  miles.* 

Following  a  mountain  trail  from  this  jacal  along  the  slope  of 
the  main  range,  and  afterwards  over  one  of  the  numerous  spurs  which 
jut  out  at  irregular  intervals  on  each  side,  one  comes  to  a  group  of 
three  mines  situated  on  a  vein  (which  is  also  said  to  be  the  same  as 
that  of  Minas  Viejas),  belonging  to  the  Guadalupe  Company,  and 
called  the  "  Buena  Vkta,"  the  "Doctor,"  and  the  "  Guadalupe.'' 
The  openings  are  passed  in  descending  the  steep  sides  of  the  gulch 
in  the  order  just  given,  and  by  barometer  they  were  respectively 
3897,  3797,  and  351 7t  feet. 

*  It  is  to  be  observed  that  tlie  distances  everywhere  in  this  paper,  except  where 
otherwise  specially  mentioned,  have  been  obtained  by  guessing. 

t  This  level  was  taken  on  the  return  from  the  Arroyo  mine.  But  just  before 
taking  the  reading  at  the  '"  Doctor,"  the  barometer  indicated  a  jump  of  75  feet,  and 
of  course  thi^  correction  was  made. 
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The  Arroyo  is  situated  on  the  opposite  side  of  the  gulch  and  near 
the  extremity  of  the  spur  into  whicii  it  is  driven.  Its  mouth  has 
an  elevation  of  3230  feet  above  the  sea  or  250  feet  below  the  last 
mentioned  of  the  above  group  of  three  mines. 

Arroyo.* 

The  entrance  to  this  mine  is  an  inclined  drift,  some  eight  or  ten 
feet  above  the  trail,  by  which  it  is  reached,  and  from  which  access 
is  had  by  the  usual  Mexican  ladder,  a  notched  tree-trunk. 

The  indications  of  a  vein  here  are  distinct  enough,  but,  unlike  the 
Buena  Vista  and  the  Bora  Negra  of  the  Minas  Viejas  group,  the 
gangue  is  not  calcite,  and  differs  only  in  some  characters  from  the 
surrounding  limestone,  which  forms  the  country  rock.  What  appears 
to  be  across-cut  has  been  driven  through  barren  limestone,  until  the 
vein  was  entered  and  the  drift,  changing  its  direction,  in  conformity 
with  the  latter,  has  penetrated,  up  to  the  present  time,  about  ninety 
feet  across  the  nose  of  the  hill.  The  direction  of  the  Doctor-  dump 
from  the  mouth  of  the  Arroyo  was,  by  prismatic  com|)ass,  N.  38° 
W. ;  but  this  observation  was  necessarily  a  rough  one  on  account  of 
the  great  difference  in  level  between  the  two  points,  which  rendered 
it  impossible  for  the  eye  to  view  the  dump  and  the  compass  card  at 
the  same  time.  Moreover,  the  exact  location  of  the  dump  from  the 
mouth  of  the  Doctor  opening  was  not  taken. 

The  dip  of  the  vein  in  the  Arroyo  was  about  N.  E. — 65°,  which 
would  make  it  strike  N.  45°  W. ;  differing,  therefore,  7°  from  the  line 
joining  the  Doctor  and  the  Arroyo.  Nevertheless,  on  account  of 
the  prominence  of  the  vein,  and  the  frequently  observed  wavy  strike- 
lines  of  the  veins  in  this  and  other  regions,  it  is  thought  most  prob- 
able that  both  mines  are  on  the  same  vein.  After  a  slope  of  about 
ten  feet  in  length  through  red  dirt,  a  shaft  of  about  ten  varasf 
reaches  the  bottom  of  the  excavation,  and  exposes  a  vein  six  feet  in 
width. 

This  vein-matter  is  mainly  a  ferruginous  limestone,  but,  like  all 
the  veins  which  the  writer  examined  in  the  range,  is  destitute  of 
well-developed  walls.  There  seems  to  be  an  insensible  transition 
from  the  barren,  hardened  limestone  of  the  mountain  to  the  reddish 
and  often  pulverulent  material  which  constitutes  the  vein. 

Between   the  walls    of  the  vein   and   on   the  lower  face  are  two 

*  See  Plate  3. 

t  The  Mexican  vara  is  equal  to  a  length  of  33.^8  inches.     Accurately  0.84796. 
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"horses"  of  barren  limestone,  whieli  together  make  up  about  one- 
half  of  its  entire  breadth,  or  three  feet.  A  careful  section  was  made 
of  the  entire  working  face,  including  the  horses,  by  knocking  off  speci- 
mens from  every  part  of  an  imaginary  line  crossing  it.  This  con- 
tained (as  was  feared)  but  a  trace  of  silver,  and  very  little  lead. 

Tiie  head-miner  of  the  Guadalupe  Company  selected  from  the 
pay-dirt  in  this  mine  a  specimen  for  analysis,  and  the  assay  of  this 
sample  in  my  laboratory  was  :  Silver — $19.35;  lead — $18.54;  to- 
tal— 337.89  per  ton. 

Nos.  3  and  4  were  given  to  the  writer  by  Mr.  W.  A.  Butcher  (see 
table  of  analyses  on  page  563)  as  samples  of  the  ore  of  this  mine;  but 
it  is  not  known  from  what  part  of  the  mine  they  were  respectively 
taken,  how  they  were  selected,  nor  who  selected  them.* 

No.  5  is  an  assay  of  a  sample  taken  by  the  writer  at  random,  from 
the  dump  of  reel  ore  in  front  of  the  opening  to  the  Buena  Vida 
mine,  anil  analvzed  for  comparison  with  the  ore  of  the  Arroyo. 

Making  what  allowance  could  be  made  for  the  angle  in  the  drift, 
the  average  line  of  opening  in  the  Arroyo,  from  the  extremity  of  the 
drift  to  its  mouth,  is  S.  42°  E.,  which  agrees  within  4°  of  the  direc- 
tion of  the  Guadalupe  mines,  on  the  opposite  side  of  the  arroyo  and 
3°  of  the  approximate  strike  of  the  vein  given  above. 

Speculation  as  to  the  lime's  History. 

Tlie  mine  has  doubtless  been  opened,  and,  in  all  probability, 
worked  profitably  for  a  time.  Afterwards,  it  is  likely  that  the 
pay-streak  pinched,  or  that  the  vein  became  poor  in  the  direction 
in  which  the  drift  was  being  pushed.  The  miners  then  came 
back  from  the  extremity  of  the  drift  and  sank  the  shallow  shaft 
to  which  reference  was  made  above.  There  are  some  signs  re- 
maining that  this  was  also  profitable  for  a  time,  but  the  bottom 
again  approached  the  barren  zone,  which  had  been  found  above, 
and  from  some  cause  the  work  then  was  stopped,  or,  perhaps,  the 
small  excavations,  oblique  to  the  main  drift,  were  made  in  the  effort 
to  find  the  lost  "  pay."  "Whether  or  not  this  purely  conjectural 
version  of  the  history  of  the  mine  be  the  real  one,  there  is  no  doubt 
that  the  work  was  left  where  the  ore  failed,  or  was,  at  best,  very  lean, 
and  years  of  neglect  were  allowed  to  add  to  this  unfavorable  ap- 

*  The  analyses  of  various  samples  given  to  me  by  different  persons  as  coming 
from  the  mines  will  be  found  in  the  table,  along  with  those  taken  by  myself. 
VOL.  XII. — 35 


546        SILVER  AND  IHON  MINES  OF  NUEVO  LEON  AND  COAHUILA. 

pearance  of  things  by  the  disintegration  of  the  walls  and  breast  and 
the  gradual  accumulation  of  debris.  In  this  state  it  was  exam- 
ined. 

The  vein  of  the  Arroyo  is  most  ])robably  the  same  as  that  which 
is  now  worked  in  the  Doctor,  the  Buena  Vista,  and  the  Gua- 
dalupe drifts,  above  described,  not  to  speak  of  the  llinas  Viejas, 
which  are  too  far  off  to  permit  this  statement  without  some  necessary 
preliminary  topographical  work.  But  if  not  on  the  same  vein  as  that 
of  the  latter,  it  is  clearly  an  allied  vein  in  the  same  mineral  zone,  and 
most  probably  connected  with  it  both  genetically  and  actually.  The 
vein  is  wide  (for  the  veins  of  this  region),  and  as  well  defined  as  most 
of  them,  though  it  lacks  the  customary  calcite  gangue.  It  is  well 
located  for  getting  out  what  is  found  in  the  extremity  of  the  space 
which  it  traverses,  and  would  soon  open  100  feet  or  more  of  stoping 
ground  if  properly  exploited.  It  lacks  the  thick  cover  of  the  mines 
on  the  other  side  of  the  gulch,  but  contains  enough  to  be  worked 
actively  to  advantage  when  pay-ore  is  again  found  and  followed. 

Problem  of  Dressing  Ores  in  the  Absence  of  Water. 

Two  questions  arise  in  connection  with  this  mine  which  are  of 
immediate  importance.  These  are :  1st.  The  means  of  concentra- 
tion;  and  2d.  the  means  of  transportation.  As  to  the  first,  it  will 
be  necessary  to  perform  this,  if  possible,  as  near  to  the  mouth 
of  the  mine  as  possible,  in  order  to  avoid  the  useless  expense  of  a 
difficult  transportation  of  worthless  rock.  But  there  is  no  water 
which  may  be  depended  upon  for  wet  concentration.  In  revenge 
for  the  soft  rock  which  can  be  cut  for  one-half,  or  less,  what  granite 
costs,  the  absence  of  water  from  this  whole  region  is  at  once  its  chief 
characteristic  and  the  greatest  obstacle  to  its  improvement.  There 
is  but  one  solution  to  the  difficulty,  and  that  is  some  form  of  dry 
concentration  similar  to  that  known  as  Paddock's. 

This  machine  is  well  adapted  to  the  work  it  will  have  to  do  here, 
viz.,  the  separation  of  limestone  and  zinciferous  galena,  provided 
that  a  motor  can  be  found.  It  is  possible  (not  very  likely  it  must 
be  said)  that  somewhere  in  these  foot-hills  water  could  be  got  by 
artesian  borings.  If  not,  the  water  for  a  steam-engine  would  have 
to  be  hauled,  and  it  would  become  a  question  of  vital  interest  to 
know  whether  windmills,  caloric  engines,  or  the  as  yet  visionary 
sun-engine  of  the  great  Ericsson,  could  not  be  employed  here  and 
in  similar  eases. 
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Transportatio)}. 

As  to  tlio  transportation,  it  will  appear  from  the  preceding  re- 
marks that  the  plan  whieh  in  all  probability  will  be  found  the  best 
for  transporting  the  Arroyo  ores  to  the  Guadalupe  furnace  is  by  wire 
tramway  Irom  the  mouth  of  the  mine  to  the  summit  of  the  Yguana 
range,  and  thence  either  by  a  continuation  of  the  same  means  to  a 
point  where  the  cart-road  from  the  Guadalupe  furnace  reaches  the 
mountain  :  or,  it  may  be  found  feasible  and  convenient  to  transport 
the  ore  through  a  chute  by  its  own  gravity,  from  the  summit  to  a 
pocket  at  the  terminus  of  this  cart-road,  in  which  case  so  much 
power  will  be  saved.  The  same  remarks  as  to  power  which  were 
made  just  now  in  connection  with  the  concentrator  and  crusher  apply 
equally  to  the  wire  tramway. 

The  MontaS^os  and  Pinitos  Mines* 
are  situated  respectively  on  the  east  and  west  slope  of  the  Sierra 
de  Gomez,  and  are  reached  by  a  comparatively  level  road  from 
Villaldama  southwest  across  the  valley  designated  by  that  name  to 
Potrero,  and  thence  by  trail  for  about  15  miles  from  the  ridge  to 
the  mine.  The  grade  from  Villaldama  to  Portrero  is  very  slight,  the 
latter  place  being  distant  about  eight  miles,  and  lying  at  an  altitude 
of  only  75  feet  above  the  former.  The  Hacienda  de  San  Isidro  del 
Potrero,  as  this  flourishing  little  hamlet  is  called,  forms  a  borough 
governed  by  an  Alcalde,  Juzgado,  etc.  The  highly  cultivated  fields 
immediately  around  it  are  watered  by  the  Potrero  stream,  which  de- 
scends the  mountain  from  the  Hacienda  of  San  Antonio,  shortly  to  be 
mentioned.  At  the  time  of  the  writer's  visit,  December  1st  and  2d, 
1883,  the  sugar-cane  was  luxuriant  and  ripe,  as  well  as  the  Maguey 
de  Castilla,  and  many  domestic  plants.  This  fertility  is  an  important 
factor  in  the  problem  of  any  future  industry  undertaken  on  the 
large  scale,  because  it  shows  what  the  country  could  be  made  W\i\\ 
intelligent  tillage  and  irrigation.  There  is  nothing  in  the  soil  under- 
lying this  settlement  which  gives  it  an  advantage  over  the  broad 
plains  which  stretch  between  these  mountain  ranges  from  Lam- 
pazos  to  Monterey,  except  what  is  gained  from  the  water  of  the 
brook  which  bears  its  name,  and  the  cultivation  which  this  acci- 
dental advantage  has  invited.  But  the  gardens  bloom  with  all  the 
ornamental  and  useful  plants  of  this  semi-tropical  climate,  and  it 
would  doubtless  be  easy  to  prove,  statistically,  that  the  hacienda  as 
a  farm  has  always  been  a  commercial  success. 

*  See  frontispiece. 


548      SILVER  AND  IRON  MINES  OF  NUEVO  LEON  AND  COAHUILA. 

A  short  ride  across  the  valley  southwest,  brings  us  to  the  mouth 
of  the  Potrero  stream,  at  a  height  of  1917  feet,  while  the  town 
of  Potrero  is  1822  above  sea-level.  The  roarl  up  this  canon  is 
strikingly  beautiful,  winding  among  the  sharp  cliffs  weathered  into 
the  most  fantastic  shapes  which  crown  the  stream.  This  last  is  col- 
lected into  an  artificial  channel  and  directed  by  advantageous  cuts 
from  side  to  side  across  the  little  valley.  A  merely  rough  guess 
makes  the  Hacienda  of  San  Antonio  about  eight  miles  from  that  of 
Potrero.  Here  is  the  site  of  a  small  Mexican  smelting  furnace,  or 
homo,  wh.ich,  together  with  a  crude  apparatus  for  washing  the 
ore,  has  been  in  use  by  the  owner,  Don  Tomas  Gonzalez  Villareal, 
for  the  treatment  of  the  Pinitos  and  3Iontauos  ores.  A  plan  of 
these  works  (Plate  4),  together  with  the  washing-pit,  ditches,  and 
stream  outside  of  them,  will  be  found  at  the  end  of  this  paper. 

As  will  be  seen,  one  end  of  the  hut  is  taken  up  by  the  furnace, 
which  is  made  by  simply  partitioning  off  a  length  equal  to  the 
desired  width  of  the  furnace.  The  in-walls  are  then  obtained  by  ad- 
ding refractory  materials  to  the  inside,  and  a  tuyere-hole  produced 
by  cutting  a  hole  in  the  partition.  There  is  no  chimney  proper 
at  present,  and  the  fumes  of  the  furnace  probably  found  their  way  to 
the  upper  air  with  considerable  irregularity.* 

A  rude  water-wheel  of  the  turbine  family  was  so  connected  with  a 
crank  as  to  work  a  roughly  constructed  bellows  which  assisted  the 
smelting. 

The  capacity  of  the  homo  is  said  to  have  been  from  IJ^  to  2 
tons  per  day,  which  is  a  fairly  creditable  practice  for  such  an  appa- 
ratus. 

The  stream  which  waters  the  hacienda,  proceeds  from  three 
springs,  distant  about  half  a  mile  across  a  growth  of  low  palmas 
reales  and  pine  trees.  These  springs  are  evidently  not  true  springs, 
but  are  most  probably  small  streams  which  plunge  into  a  moun- 
tain cavern  some  distance  up  the  side  of  the  mountain,  and  continu- 
ing subterraneously,  issue  at  the  j)lace  named.  Their  temperature 
is  quite  high,  and  almost  immediately  after  their  appearance,  they 
form  a  volume  of  water  equal  to  1994  gallons  per  minute,  which  flows 
past  the  works.f    The  declivity  of  the  hill  east  of  thejacal  and  ore- 

*  For  descriptions  of  the  structure  and  duty  of  this  kind  of  a  furnace,  see  papers 
by  W.  Lawrence  Austin,  Pliila.,  one  in  tlie  Transactions,  vol.  xi.,  p.  91,  and  the 
other,  read  at  Chicago,  May,  1884,  to  be  published  in  vol.  xiii. 

t  This  estimate  is  based  on  the  average  of  a  few  experiments  with  floats.  The 
distances  were  obtained  by  pacing,  and  tlie  cross-section  of  the  flowing  water  by 
means  of  a  foot-rule. 
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house,  is  very  Steep,  or  about  25  feet  in  the  first  100  yards  to  the  east, 
or  80  feet  from  the  works  to  tlie  foot  of  the  hill,  distant  perhaps  twice 
as  far.  There  is,  therefore,  evidently  fidl  enough  to  use  economically 
the  |>o\ver  of  this  stream  in  a  turhiue  wheel ;  though  whether  this 
would  be  a  sufficient  motor  depends  upon  the  amount  of  work  re- 
quired-of  it.  It  would  not  suffice  for  this  purpose  if  the  production 
of  the  Jlontauos  and  Finitos  mines  should  become  large,  and  the 
water  to  wash  the  ores  as  well  as  the  power  to  drive  the  machinery 
by  water-wheel  were  sought  in  this  stream;  but  it  would  amply  sup- 
ply all  the  water  necessary  for  steam-boiler  purposes,  as  well  as  that 
for  the  concentrators. 

At  this  place  there  is  a  tree  of  the  species  known  as  the  nogal  (or 
walnut),  very  remarkable  for  its  size,  more  especially  so  in  the  absence 
from  these  mountains,  of  large  timber  suitable  for  heavy  mine  timber- 
ing purposes.  This  tree  measured  10  feet  6^  inches  around  the  trunk, 
at  a  distance  of  five  feet  six  inches  from  the  ground. 

The  trees  of  this  resrion  are  larger  and  more  numerous  than  those 
observed  elsewhere,  but  there  are  few  suitable  to  the  strain  of  sup- 
porting the  roof  of  a  flat  vein. 

From  the  southwest  side  of  the  Horno  of  Don  Tomas  Villareal, 
called  San  Antonio,  one  has  a  fine  view  of  the  mountains,  and  of  the 
mouth  of  the  Pinitos  mine.  The  Montafios  is  hidden  behind  the 
highest  as  well  as  the  most  remote  of  the  peaks  in  this  part  of  the 
chain.  (See  frontispiece.)  The  position  of  the  Pinitos  is  marked 
by  a  round  white  spot ;  that  of  the  Montafios  is  as  far  below  the 
point  of  intersection  of  a  vertical  line  from  the  fish-hawk  with  the 
slope  of  the  hill,  as  the  bird  is  above  this  point. 

The  distance  in  a  straight  line  from  San  Antonio  to  the  Pinitos,  is 
about  one  and  a  quarter  to  one  and  a  half  miles,  and  the  elevation 
of  the  latter  above  it  is  about  2567  feet.  The  country  immediately 
in  front  of  the  hacienda,  and  between  it  and  the  mountains,  is  a 
basin  filled  with  rounded  hills  of  comparatively  moderate  height. 

The  elevation  of  the  Pinitos  above  the  Horno  is  so  considerable 
that  there  is  no  difficulty  in  solving  the  problem  of  getting  the  ore 
down  to  the  latter.  A  single  chute  would  probably  suffice  to  effect 
this  to  the  base  of  the  hill,  after  which  a  wire  tramway  or  other 
mode  of  conveyance  would  be  needed  to  carry  the  ore  to  the  works 
of  San  Antonio.  The  Montafios  mine  is  at  a  considerable  distance 
from  the  Pinitos,  and  over  the  divide.  In  order,  therefore,  to  trans- 
port its  ores  as  well,  it  would  be  necessary  to  carry  them  up  a  grade 
of  555  feet  before  they  commenced  the  descent  of  3820  feet,  which 
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separates  the  San  Antonio  works  from  the  summit  to  be  crossed, 
and  some  method  of  continuous  transportation  from  the  Montanos 
to  the  Finltos,  would  probably  be  found  desirable. 

PINITOS 

is  situated  on  one  of  the  high  slopes  of  the  eastern  part  of  tire  Go- 
mez range,  and,  as  before  stated,  about  1 J  to  2  miles  from  the  Horno 
of  San  Antonio,  in  a  straight  line.  There  are  two  principal  open- 
ings to  the  Pinitos,  the  regular  and  larger  opening  lying  to  the 
north  of  the  other,  which  is  newer. 

This  latter  or  southern  opening  is  narrow  and  irregular  (as  are 
most  of  the  openings  to  Mexican  mines),  and  it  runs  back  about 
E.  20°  N.  (neglecting  the  angles)  for  80  feet. 

The  vein  here,  as  has  been  noted  elsewhere,  is  not  like  those  fis- 
sure veins,  of  which  the  walls  are  defined,  and  mark  the  boundary 
between  different  rocks.  Here  the  country-rock  as  well  as  the  vein 
is  limestone,  but  in  the  latter  the  limestone  is  stained  with  iron 
oxides,  and  is  less  hard  and  compact.  The  opening  is  about  5  feet 
high,  and  4  feet  wide.  Don  Tomas  Villareal  supposed  that  the 
entire  vein  contained  ore.  A  great  deal  of  calcite  occurs  here  in  the 
form  of  patches  and  strings,  but  not  to  the  extent  of  filling  the  vein. 
According  to  the  statement  of  the  owner,  Don  Tomas  Gonzalez 
Villareal,  the  ore  from  the  working-face  of  this  mine  has  assayed 
18  marcos  per  carga.  [A  marco  equals  about  8  ounces,  and  a  carga 
300  pounds.     This  would  equal  about  $1238  per  tonof  2000  lbs.]. 

The  present  working-face  of  the  southern  opening  reveals  a 
crevice,  which  contains  no  visible  ores  in  sight,  though  occasional 
patches  of  calcite  of  higher  specific  gravity  than  usual  are  found  on  the 
walls.  An  average  of  the  gangue-mass  at  the  extremity  of  this  drift 
was  taken,  and  proved  to  contain  1  ounce  of  silver  ($1.29)  to  the  ton. 

A  pocket  has  been  dug  out  on  the  side  of  the  trail,  and  adjoining 
the  drift  to  the  south.  The  ore  exposed  consists  of  red  and  yellow 
clays  of  high  specific  gravity,  with  an  apparent  dip  of  W.  10°  S. — 15°. 

The  main  or  northerly  opening  of  the  Pinitos  exposes  the  vein  more 
perfectly,  with  an  average  thickness  of  about  1  foot,  and  an  average 
dipof  ±N.  20°  W.  —  45°. 

The  vein-matter  consists  of  calcite  stained  by  oxide  of  iron,  and 
holding  minute  crystals  of  lead-minerals,  which  give  it  a  higher 
specific  gravity.  This  iron-stained  gangue  can  be  followed  on  either 
side  for  some  distance,  and  several  smaller  veins  or  feeders  can  be 
observed  to  join  it,  but  these  latter  are  to  all  appearance  barren;  or 
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at  least  the  minerals,  which  they  possibly  contain,  are  not  in  large 
quantity,  ami  are  masked  by  the  material  of  the  gangiie. 

In  order  to  secure  a  good  average  sample  of"  tliis  ore,  specimens 
were  taken  from  all  parts  of  the  vein  exposed,  and  they  may  be  con- 
sidered a  fair  exhibit  of  what  the  mine  will  produce  in  its  present 
condition:  The  assay  gave  silver,  24  ounces;  lead,  21.9  per.  cent.; 
total  value  of  ore  per  ton,  $50.01. 

Tiie  ''cover"  on  the  Puiitos  is  ample,  and  the  facilities  for  extract- 
ing the  ore,  and  transporting  it  to  the  works  at  San  Antonio,  could 
hardly  be  conceived  better  than  they  are.  The  ore  also  is  less  adul- 
terated with  zinc  blende  than   the  ores  of  the  Sierra  de  la  Yguana. 

MONTAfsOS* 
is  situated,  as  stated  before,  on  the  westerly  slope  of  the  Sierra  de 
Gomez,  about  four  miles  westerly  from  the  Pinitos,  and  550  feet 
below  the  summit.  Between  these  two  latter  a  number  of  veins 
are  visible;  one  in  particular,  7  feet  wide,  and  striking  northwest 
on  the  l)old  face  of  a  clitF  at  the  angle  of  one  of  the  numerous  turns 
which  the  trail  makes  over  the  mountain,  was  said  not  to  have  been 
"denounced  "f  on  account  of  its  bai'renness.  Another  vein  of  this  col- 
ored calcite,  still  nearer  the  Montanos  property,  strikes  N.  20°  W., 
and  is  about  5  feet  in  width.  This  latter  coincided  very  nearly  with 
the  apex  of  the  anticlinal  of  the  mountain,  or  the  point  where  the 
general  dip  of  E.  or  N.E.,  which  had  characterized  the  exposures 
heretofore,  was  exchanged  for  one  of  W.  to  S.W.  (in  point  of  fact, 
S.  20°  W.),  and  the  massive  limestone  commences  to  descend 
into  the  western  plain  in  the  same  manner,  as  on  the  eastern  side, 
into  the  valley  of  the  Villaldama. 

The  apparent  analogy  between  the  two  valleys  is  even  carried 
further  by  a  series  of  low  hills  which  occur  in  a  position  with  regard 
to  the  great  chains  similar  to  those  east  of  Guadalupe  station.  On 
the  actual  summit  of  the  mountain  anticlinal,  the  dip  is  S.  30° 
W.  — 18°. 

But  the  little  ridge  in  the  middle  of  this  western  valley  appears 
not  to  be  an  anticlinal  but  a  monoclinal,  conformable  with  and  above 
this  limb  of  the  west  dipping  mountains.  In  this  case  the  thick- 
ness of  the  limestone  from  the  face  exposed  at  the  crest  to  the  lowest 
face  which  dips  into  the  plain  is  not  less  than  6000  feet,  and  the 
actual  thickness  of  the  formation  is  much  more. 


*  .See  Plate  5. 

f  That  is,  staked  out  and  recorded. 
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The  Montanos  mine  seems  to  have  been  opened  at  the  junction 
of  two  larger  and  several  minor  veins.  The  j)rincipal  opening  is  on 
the  edge  of  a  nose  of  the  mountain  which,  stretching  out  to  the  south, 
forms  a  very  steep  declivity  on  all  sides  but  one,  and  the  western  boun- 
dary of  a  deep  ravine.  The  first  noticeable  vein  here,  dips  about  E. 
35°  N.  —  85°,  and  can  be  traced  for  some  distance  down  the  mountain 
side.  The  walls  of  this  vein  are,  like  those  previously  mentioned, 
ill-defined.  At  the  main  entrance  the  ore-bearing  zone  is  very  much 
enlarged,  owing  to  an  intersection  of  this  with  another  vein,  which 
is  nearly  flat.  This  great  enlargement  of  the  outcrops  and  the  abun- 
dance of  galena  and  "  pay  dirt"  everywhere  in  sight,  have  combined 
to  instigate  a  very  complete  exploitation  of  the  mine,  whence  large 
quantities  of  lead  and  silver  have  been  obtained. 

On  entering  the  mine,  the  eye  is  instantly  arrested  by  the  confusing 
appearance  due  to  three  larger,  and  numerous  other  smaller,  strings 
and  leaders  which  render  it  difficult  to  comprehend  at  the  first  glance 
'their  true  relations  to  each  other. 

Openings  of  various  magnitudes  have  been  made  on  the  flat  vein 
at  several  points  around  its  periphery,  and  at  the  point  near  the 
boundary  line  of  the  property  wliich  is  given  in  the  accompanying 
sketch.  A  good  exposure  of  this  vein  gives  a  dip  of  W.  20°  N. — 
15°  to  20°.      (See  plan.) 

A  newer  opening  than  that  first  mentioned  M'as  called  the  Boea 
Nueva  by  a  miner.  Here  the  dip  in  the  flat  vein  is  W.  30°  N. 
It  is  thus  seen  that  two  principal  veins  dipping  nearly  at  right 
angles  to  each  other  intersect  at  this  point  and  increase  very  much 
the  richness  of  the  ore.  The  steep  dipping-vein  has  not  been 
very  extensively  explored,  but  the  other  has  been  worked  through- 
out a  great  part  of  the  area  included  between  the  boundary  line 
above  given  and  the  sides  of  the  steep  hill.  It  may  be  due  to  this 
fact  that  the  3Iontaaos  mine  is  known  in  the  region  as  a  low  arrade, 
while  the  Pinitos  has  the  reputation  of  a  high  grade  silver-lead 
mine;  because,  whatever  be  the  reason,  the  highly  inclined  veins  of 
this  district,  which  belong  to  a  different  system  of  fissures  and  most 
probably  to  a  different  epoch,  have  been  observed  by  the  writer  to 
carry,  as  a  general  rule,  larger  percentages  of  silver  than  the  veins 
of  low  inclination. 

In  the  mine,  pillars  are  everywhere  observable  in  which  the  ore, 
which  is  from  eight  inches  to  two  feet  in  thickness  (and  exception- 
ally much  larger),  can  be  followed  from  one  mouth  to  another. 
Specimens  from  a  large  number  of  exposures  of  this  kind  were  care- 
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fully  eiilloc'tctl  and  averaixed,  and  gave  values  of  $10.32  of  silver,  and 
of  $4G.SS  of  lead  per  ton  ;  making  a  total  of  $57.20  per  ton. 

Tiie  ore  of  the  Boca  Keuva  above  similarly  sampled,  gave  $5.81 
in  silver  and  ^44.27  lead,  or  a  grand  total  of  $50.08  per  ton. 

Mast  of  this  ore  is  in  a  ferruginous  mass  of  impure  carbonate 
of  lime,  but  the  richest  of  it  is  associated  with  a  very  white  calcite 
which  generally  accompanies  the  latter  as  a  superior  or  inferior  layer; 
but  is  sometimes  in  it,  and  sometimes  away  from  it  altogether. 

Allowing  the  thickness  of  the  pay  streak  to  be  only  1  foot,  at  the 
assay  value  of  the  average  from  various  places  in  the  mine  ($57.20) 
there  is  a  value  in  sight  from  the  flat  vein  alone,  of  $400,400.  In 
this  the  vein  of  high  inclination  is  not  calculated  at  all. 

The  specific  gravity  f)f  tiie  average  Ilontafios  ore  is  about  4.52. 

The  Monclova  District. 

The  Monclova  district  lies  about  eighty  miles  W.N.W.  of  Vil- 
laldama,  and  somewhat  less  from  the  town  of  Lampazos,  which  was 
my  point  of  departure  from  the  Mexican  National  R.R.  The  ride 
from  this  town  is  about  twenty  miles  S.W.,  to  Candela,  at  the  foot 
of  the  picturesque  mountain  of  that  name.  Thence  through  several 
puertos  or  passes  one  travels  westward  across  the  plain  which  sepa- 
rates the  Sierra  called  Madre  (like  so  many  others),  with  its  out- 
lying peaks  like  la  Rata,  etc.,  on  the  north  from  the  Sierra  de 
la  Gloria  on  the  south.  Rounding  the  northern  end  of  this  latter 
one  soon  arrives  at  Monclova,  a  well-watered,  quaint,  and  most  in- 
teresting old  Mexican  town.  It  is  distinguished  alike  for  the  green 
foliage  and  verdure  which  form  a  relief  to  the  eye  after  days  spent 
in  these  arid  valleys,  and  for  the  exceptional  picturesqueness  of  its 
old  churches  and  streets,  the  latter  unusually  busy  for  the  region. 

La  Paloma. 

The  iron-ore  mine  called  thus  is  situated  about  seven  miles  south- 
west of  the  town  of  Monclova,  the  flourishing  settlement  on  the 
stream  of  the  same  name  in  the  northern  part  of  the  State  of  Coa- 
huila,  which  has  just  been  mentioned.  The  railroad  from  Eagle 
Pass  is  now  finished  to  this  town,  and  passes  within  two  miles  of  the 
mine.  The  chain  of  mountains,  on  a  spur  of  which  this  mine  is 
situated,  is  called  the  Cerro  Mercado ;  and  the  country  rock,  like 
that  of  the  mines  hitherto  considered,  is  a  massive  limestone. 
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Monclova  is,  by  uncorrected  barometer,  but  1937  feet  above  the 
sea,*  and  the  moutli  of  the  pit  at  La  Faloma  2bll  feet.  It  is, 
therefore,  640  feet  above  the  general  level  of  the  plain,  which  ex- 
tends to  the  south  from  Monclova,  between  this  range  and  that 
of  the  Sierra  de  la  Gloria,  for  about  twenty-two  miles  to  the  Sierra 
San  INIarcos. 

The  mine  is  an  immense  deposit  of  iron  ore  and  pyrites  in  a  thick 
mass  in  limestone.  The  dip  in  the  pit  (which  is  ten  varas  deep)  is 
N.  30°  E.  +  70°. 

At  the  bottom,  a  layer  of  this  pyrite,  of  about  eighteen  inches  in 
thickness,  covers  a  heavy  mass  of  mixed  hematite  and  magnetite. 

The  dip  of  the  limestone  of  the  south  base  of  the  foot-hills  is  about 
N.  30°  E.  —  20°  ;  but  some  large  masses  neaikthe  mine,  which  seemed 
to  be  in  place,  gave  S.  40°  W.  —  75°  ;  so  that  the  strikes  of  the  lime- 
stone and  of  the  ore  nearly  agree,  and  the  latter  has  been  probably  de- 
posited in  oneof  the  joints  or  cleavage  planes  of  the  latter,  though  it 
is  possible  that  the  spur  itself  may  be  anticlinal,  and  the  iron  ore 
deposit  a  true  bed-vein.  In  either  case  there  is  the  clearest  evidence 
that  the  iron  ore  is  an  alteration  product  of  the  pyrite,  but  so  complete 
has  been  the  alteration  thata  few  inches  above  the  line  of  demarcation, 
between  the  sulphide  and  the  oxide  of  iron,  hardly  a  trace  of  the 
sulphur  remains.  The  outcrop  of  this  vein  has  been  broken  into 
large  and  small  fragments,  and  it  has  been  scattered  over  the  side  of 
the  steep  hill,  which  borders  a  very  deep  gulch  or  ravine  leading  di- 
rectly down  into  the  plain  and  to  the  railroad.  It  is  difficult  to  estimate 
the  amount  of  this  sliding  outcrop,  but  thousands  of  tons  of  a  very 
fine  quality  of  iron  ore  are  here  ready  to  be  loaded  and  transported 
to  the  market,  while  the  amount  in  the  ground  capable  of  easy 
mining  is  enormous. 

It  was  very  difficult  to  ascertain  the  thickness  of  this  bed-vein, 
on  account  of  the  heavy  debris  and  detached  ore,  which  cover 
the  surface  from  the  mine-mouth  to  the  bottom  of  the  gulch ; 
but,  assuming  a  ridge  of  limestone  which  crops  out  about  25  feet 
below  the  i)it,  as  one  boundary,  and  the  limestone  exposed  in  the 
opening  as  another,  there  would  be  a  thickness  of  80  feet  of  ore  and 
pyrite  mixed  with  "  horses  "  of  the  country  rock. 

*  A  note  from  Mr.  E.  A.  Handy,  engineer  in  charge  of  the  Mexican  National 
Construction  Company,  gives  the  correct  level  of  Monclova  as  1980  feet,  but  as  the 
point  is  not  specified,  I  Jiave  left  the  barometer-level  as  I  obtained  it. 
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In  order  to  test  the  value  of  tliis  ore  severely,  a  sample  was  taken 
bv  tiie  writer  across  the  face  exposed  in  the  pit,  inclusive  of  a  horse 
of  limestone  there  visible  and  some  scattered  masses  of  sandy  ma- 
terial. It  is  needless  to  say  that  all  these  impurities  would  have 
been  discarded  by  the  roughest  system  of  mining,  and  the  average 
percentage  of  the  iron  would  have  been  correspondingly  raised,  yet, 
even  this  sample  gave  53.80  per  cent,  of  metallic  iron,  a  result  about 
equal  to  the  average  of  the  product  of  certain  James  River  ores.* 

The  following  are  the  results  of  a  chemical  examination  of  the 
two  classes  of  ore,  i.e.,  A,  a  large  sample  of  the  ore  taken  across 
the  present  exposed  face  in  the  pit ;  and  B,  a  large  sample  of  the 
float  ore  in  the  vicinity  of  the  mine. 

The  complete  analyses  of  these  two  samples  (A  1  and  B  1)  were 
made  by  the  writer's  assistant,  Mr.  Richard  D.  Baker.  Indepen- 
dent determinations  of  the  more  important  constituents  (A  2  and 
B  2)  were  made  by  his  assistant,  Mr.  C.  Hanford  Henderson.  Both 
samples  were  taken  by  the  writer  himself. 

The  column  X  contains  INIr.  Henderson's  determinations  of  a 
sample  of  the  ore  furnished  by  Mr.  W,  A.  Butcher. 

The  specific  gravity  of  A  2  was  3.9. 


B. 


X. 


1 
p.  c. 

2 
P.O. 

1 

p.c. 

2 
p.c. 

p.c. 

Insoluble  residue,       .... 
Ferrous  oxide  (FeO),     .     .     . 
Iron  sesquio.xide  (FcjOj),  .     . 

Alumina  t  AljOj), 

Lime  (CaO).  • 

Magnesia  (MgO), 

Sulphur  (S), 

Phosphoric  oxide  (P2O5),    .     . 

Sum, 

Metallic  iron, 

Phosphorus, 

Silica, 

11.860 
16.015 
59.244 
6.976 
1.320 
trace 
3.726 
trace 

4.510 
trace 

2.880 
14.469 
73.365 

6.315 

1.580 
trace 

1.555 
none 

Y.504 
none 

3.610 
3.107 

99.141 

53.93 
trace 

53.86 
trace 
10.04 

100.164 

62.60 
none 

61.71 
none 

2.88 

6 

1.56 
.047 
6.14 

It  will  be  interesting  to  compare  these  results  with  the  appended 
averages  of  the  best  mines  of  the  Marquette  and  Menominee  districts 
in  Michieran. 


*  See  The  Ores  of  the  Middle  James  River,  by  the  undersigned.     Kead  before  the 
Institute,  at  the  Virginia  meeting,  1881.     Trans.,  vol.  xi.,  p.  201. 
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This  ore,  as  will  be  seen,  is  remarkably  pare  and  rich,  and  suit- 
able for  the  manufacture  of  steel.  It  would  be  of  great  value  as  a 
mixture  with  cold  short  ores,  and  would  pay  for  a  long  and  expen- 
sive transportation. 

The  following  table  will  exhibit  at  a  glance  thecomparative  values 
of  this  ore;  the  Durango  ore,  collected  by  Mr.  John  Birkinbine,  and 
analyzed  by  Mr.  A.  S.  McCreath,  chemist  of  the  Second  Geological 
Survey  of  Pennsylvania  ;  the  ores  of  the  Middle  James  River,  which 
were  carefully  studied  by  the  writer  in  1880-81  ;  the  celebrated 
Menominee  and  Marquette  ores  of  Lake  Superior  separately ;  and 
finally,  the  average  of  all  the  Lake  Superior  ores  taken  together.  The 
column  of  values,  at  the  foot  of  the  table,  is  calculated  on  the  basis 
of  nine  cents  per  unit  of  iron,  which  is  tlie  price  given  by  Mr.  Fran- 
cis Wister  for  foreign  iron-ores  at  this  date,  January,  1884.  It 
should  be  observed  that  high-class  Bessemer  ores  are  restricted  to 
less  than  0.05  of  phosi)horus,  and  those  containing  more  than  that 
are  not  received. 

PI.  av.  is  the  average  of  the  two  analyses,  A  1  and  B  1. 
PI.  crop,  is  the  average  of  the  two  analyses,  B  1  and  B  2. 
D.  27.  is  the  analysis  of  an  average  of  twenty-seven  samples  of  ore 
from  near  Durango,  in  the  Cerro  del  Mercado,*  taken  by  Mr. 
John  Birkinbine. 
D.  4.  is  the  analysis  of  the  average  of  four  selected  samples  of  the 

above. 
J.  is  the  average  of  eighty-two  analyses  for   iron,  seventy-two  for 
phosphorus,  and  twenty-two  for  silica,  of  the  ores  of  the  Middle 
James  River,  Virginia. 
Mnee.  is  the  average  of  forty-eight  determinations  of  iron,  forty-five 
of  phosphorus,  and  twenty-five  of  silica,  of  the  ores  of  the  Me- 
nominee iron  range,  Michigan. 
Mqt.  is  the  average  of  eight  determinations  of  iron,  eight  of  phos- 
phorus, and  eightof  silica,  of  the  Marquette  region,  Michigan. 
S.  is  the  average  of  fifty-six  determinations  of  iron,  fifty-three  of 
phosj)horus,  and  thirty-three  of  silica,  of  Menominee  and  Mar- 
quette iron  ores  of  Lake  Superior. 
On  the  lower  line  is  a  calculation  of  the  value  of  ores  at  the  rate 
of  nine  cents  per  unit  (omitting  all  those  containing  over  0.05 
per  cent,  phosphorus). 

*  It  is  perliiips  needless  to  remark  that  the  "  Cerro  del  Mcroado"  of  Mr.  P.irkin- 
bine's  report,  is  about  250  miles  southwest  of  the  Cerro  Mercado  spoken  of  here. 
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P.e, 

PI.  »V. 

P.O.        P.c. 
PLcrop.    D  27.* 

1 

P.c. 
D  4.* 

P.c. 
J* 

P.c. 
Muee. 

P.c. 
>Iqt.* 

P.c. 

^letallic  iron,    .     . 
Phtvsphonis,  .     .     . 

Sulphur 

Silica, 

53.89 
trace 
4.12 

10.04 

62.15    55.80 
trace      1.328 
1.530     0  085 

62.77 
0.288 

48.68 
0,07 

62.88 
0  023 

66.01 
0.063 

63.33 
0.0293 

2.88 

7.760 

5.240 

23.98 

4.49 

2.22 

'3.46 

Value  per  ton,  .    . 

4.84 

5.55 

5.66 

■ 

5.70 

In  this  connection  the  information  contributed  by  the  report  of 
Mr.  Jolin  Birkinbine,  Secretary  of  the  United  States  As.sociation  of 
Charcoal  Iron  Workers,  is  interesting.  In  the  report,  from  which 
the  extracts  of  analysis  in  the  above  table  are  taken  (D  '27  and  D  4), 
Mr.  Birkinbine  says  of  the  Durango  iron  ore  deposit: 

"A  deposit  -which  covers  so  great  an  area  as  10,000,000  square 
feet,  and  yields  an  average  of  65.8  per  cent,  metallic  iron  from 
samples  containing  considerable  foreign  matter,  fairly  representing 
the  average  of  the  ore,  is  unusual;  and  samples  from  an  area  of 
fully  7,000,000  square  feet,  which  analyze  nearly  63  per  cent,  of  iron, 
demonstrate  the  value  of  the  deposit.  The  only  constituent  of  the 
ore  which  shows  to  a  possible  disadvantage  is  the  phosphorus;  this 
is  not  excessive,!  and,  by  the  application  of  the  basic  lining,  could 
be  used  to  produce  Bessemer  steel." 

The  writer  cannot  say  positively  how  large  an  area  is  covered 
by  the  float  ore  of  the  La  Paloma,  which  gave  the  analysis  intro- 
duced into  this  report,  but  it  is  his  belief  that  it  will  cover  7,000,000 
square  feet,  while  the  total  absence  of  phosphorus  indicates  that  this 
ore  is  much  more  valuable  than  that  which  was  the  subject  of  Mr. 
Birkinbine's  examination. 

There  is  no  industry  in  Mexico  which  promises  fairer  returns  than 
that  of  the  manufacture  of  iron  from  these  rich  Mexican  ores,  and  on 
this  subject  I  will  quote  again  from  Mr.  Birkinbine's  reportj  the  fol- 

*  Ores  thus  marked  contain  above  the  limit  of  phosphorus  previously  allowed  as 
the  maximum  in  the  purchase  of  foreign  ores  for  Bessemer  uses. 

t  This  is  for  the  10,000,000  square  feet;  phosphorus  1.328  per  cent.;  for  the 
7,000,000  .square  feet  0.288  per  cent.;  and  from  the  pig  and  bar  iron  from  these 
ores  0.428  and'0.193  respectively.  Mr.  McCreath  states  that  this  result  is  lower 
than  the  average  of  our  mill  and  forge  irons,  and  the  latter  is  "not  excessive,"  in 
proof  of  which  he  gives  analyses  of  standard  English  gun-tube  irons  four  times 
worked. 

X  March  22d,  1882.  These  prices  have  altered  somewhat,  doubtless,  since  that 
date,  but  their  relation  to  those  of  Monclova  is  probably  unchanged. 
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lowing  table  of  prices  of  iron  articles  in  Durango  and  the  United 
States,  together  with  the  duty  per  pound  in  cents  for  importing 
them. 


Kame  of  Article. 


Nails, 

Spikes, 

Horseshoe-nails, 

Wagon-springs, 

Bar-iron, 

Sheet-iron, 

Iron  wire, 

Castings,    .    " 

Window-gratings, 

Wood-stove  (oval  12x18x30  in  height), 


Duranso 

Price  per  lb. 

Cents. 


25  to  31 

•^5 

56 

37 

13 
20  to  24 
25  to  50 
10  to  13 

18 
$55  each 


U.  S.  Price 
per  lb. 
Cents. 


3i 

18  to  25 

10 

3^ 

3|-  to  6J- 

4  to  8 

2^0  4 

4  to  5 

$10  each 


Duty  per 
pound. 
Cents. 


5i 
5i 
5-1 
6^- 
2\ 
4h 
4 1 

13 
,  per  lb. 


The  Durango  prices  are  not  likely  to  differ  in  important  respects 
from  those  at  Monclova. 

Mr.  Birkinhine  confirms  the  opinion  of  all  competent  observers 
who  have  recently  been  in  jNIexico  as  to  the  great  and  increasing  need 
of  manufactured  articles  of  iron  in  tliat  country.  This  need  will 
increase  in  arithmetical  progression  for  many  years  to  come.  He 
alludes  to  the  possibility  of  the  additional  industry  of  tin-plating 
beins:  added  to  that  of  iron  manufacture  on  account  of  the  occurrence 
of  tin  deposits  in  Durango.  He  mentions  the  articles  most  in  demand 
in  Mexico  in  the  near  future,  as  iron  and  steel-rails,  frogs,  wire,  bar, 
plate,  and  sheet;  spikes,  nails,  tin-plate,  and  castings,  and  machin- 
ery for  mines  and  factories. 

He  recommends  the  erection  of  a  plant  consisting  of  a  bla.st  fur- 
nace, a  small  rolling-mill,  machine-shops,  foundry  and  smithery,  and 
estimates  their  cost  at  $250,000  to  $300,000.  In  his  opinion  the 
manufacture  of  pig-iron  will  not  cost  more  in  Durango  than  in  the 
United  States,  and  ''with  ample  capital  and  good  management"  he 
"cannot  see  a  doubt  of  success  attending  the  establishment  of  a 
modern  iron  industry  at  Durango."  As  the  official  representative 
of  one  of  the  most  important  iron  as.sociations  in  the  world,  his  tes- 
timony is  of  great  weight,  and  what  he  has  said  of  Durango  is 
equally  true  of  Monclova. 

RIOJAS. 

This  mine  is  situated  in  a  mass  of  intrusive  granite  about  four 
hours'  walk  south westwardly  from   the  Palotna,  and   not  far  from 
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the  Iglesia  peaks,  whloli  border  the  broail  plain,  which  stretches  out 
at  right-angles  to  the  Monelova-Castafio  pUiin,  and  near  to  the  lime- 
stone-granite contact. 

The  vein,  which  is  stained  green  by  copper-salts,  and  includes 
a  narrow  seam  of  telsphathic  gangue,  is  about  two  varas  wide,  and 
dips  E.  10^  S.  —  85-.  The  pit  is  about  the  usual  depth  of  ten  varas, 
but  no  lead  or  silver  ore  was  apparent  either  on  the  lower  face  or  on 
the  sides,  though  at  first  it  was  thougiit  that  specks  of  galeniferous 
ore  were  present.  The  opening  was  made  along  the  strike  N.  10°  E. 

At  a  depth  of  five  varas,  or  half  the  depth  of  the  shaft,  there  was 
a  small  spot  in  the  hanging,  in  which  it  was  thought  that  ore  oc- 
curred. It  was  a  copper-stained  gangue,  containing  small  par- 
ticles of  hard,  black  material,  with  metallic  lustre.  The  patch, 
in  which  the  mineral  occurred,  was  not  continuous  above  or  below, 
and  was  altogether  2  or  3  inches  broad.     ^ 

The  above  observations  were  made  in  the  main  pit  or  shaft,  which 
is  the  second,  reached  by  a  southwestwardly  route  from  INIonclova. 
A  rough  line  was  run  hence  N.  10°  E.  over  a  sharp,  short  ridge  in- 
tervenijig  between  this  and  the  first  shaft,  encountered  on  the  route, 
and  it  seemed  to  establish  the  fact  that  these  two  shafts  w^ere  sunk  in 
the  same  vein,  as  the  direction  agreed  with  the  strike,  and  signs  of 
the  outcrops  were  observed  between  the  two.  The  distance  between 
them  is  about  ^1500  feet,  but  the  second  shaft  has  fallen  in,  and, 
beyond  n  tradition  that  the  Spaniards  once  worked  it,  nothing  could 
be  ascertained  concerning  it  by  the  writer.    Its  depth  is  also  unknown. 

Still  further  north,  but  not  on  the  strike  of  the  Mlojas  vein,  on  the 
opposite  side  of  a  narrow  caiion,  is  a  long,  deep  cut,  running  about 
S.  30°  W.  for  sixty  feet.  It  is  thought  that  this  opening  is  on  the 
Riojas  vein,  but  this  fact  could  not  be  established  by  the  rough 
means  available  in  a  short  visit,  nor  was  anything  further  ascertained 
about  this  working. 

The  same  may  be  said  of  a  shaft  to  the  south  of  the  first  opening 
described,  which,  however,  seemed  entirely  off  the  line  of  strike  of 
the  vein,  though  this  too  was  indicated  as  an  opening  in  the  Riojas, 
but  it  was  said  that  it  had  fallen  shut,  and  it  was  not  visited. 

A  small  stream  of  water  is  found  about  a  mile  from  the  liiojas 
mine.  The  best  route  for  the  ore  if  mined  in  quantity  would  seem 
to  be  over  the  divide  to  the  great  transverse  plain  which  separates 
the  mountains  in  which  the  Riojas  is  situated  (Cerro  Mercado)  from 
the  Sierra  de  San  Marcos. 

The  uncorrected  barometer  level  of  the  mouth  of  the  Riojas  mine, 
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above  the  ocean,  is  3077  feet,  or  1097  feet  above  Monclova,  but  the 
summit  of  the  divide  or  the  head  of  tlie  Las  Animas  Canon,  is  4027 
feet,  so  that  the  transportation,  if  in  this  direction,  woukl  involve  a 
minimum  distance  of  nine  miles  to  Monclova,  and  an  ascent  of  950 
feet. 

SAN   RAFAEL 

is  situated  on  the  north  side  of  the  Caiion  del  Real  Viejo,  in  the 
Sierra  San  Marcos  rano;e,  about  nine  Mexican  leagues  or  twenty-three 
miles  southwest  of  Monclova. 

The  metalliferous  zone  of  which  it  forms  a  part,  is  also  near  a 
contact  of  limestone  and  granite,  though  wholly  within  the  latter 
rock. 

The  road  is  from  Monclova,  nearly  south  to  Castailo,  a  distance 
of  eleven  miles.  From  Castano  it  deflects  eastward  through  the 
fertile  fortified  Hacienda  of  Palo  Blanco.  Hence  the  trail  is  over 
the  plain  and  into  one  of  the  canons  south  by  the  spurs  of  this  range. 
One  of  the  valleys  is  called  the  Canon  de  los  Caballos,  and  this  is 
the  shorter  route  to  the  mine,  but  it  is  not  chosen  when  camp  is  to  be 
made,  because  its  wide  expanding  wings  concentrate  the  storm  and 
rain  winds,  whereas  the  south  wall  of  the  Caiion  del  Real  Viejo, 
immediately  south  of  it,  is  a  protection  against  the  northers. 

Castano  is  2462  above  the  sea  by  uncorrected  barometer  level,  and 
Palo  Blanco  2662,  which  would  make  the  former  525  and  the  latter 
725  feet  above  Monclova.  The  mouth  of  the  Canon  del  Real  Viejo  is 
3155  feet  above  Palo  Blanco,  which  is  distant  about  nine  miles.  To 
this  point,  therefore,  all  the  ordinary  modes  of  transportation  could 
be  successfully  applied.  From  here  to  the  base  of  the  steep  ascent  to 
the  San  Rafael  mine  is  400  feet  and  the  distance  about  ten  miles. 
At  this  point  the  steep  ascent  to  the  north  begins  over  a  granite  spur 
which  appears  soft  and  friable,  like  a  weathered  gneiss.  At  the 
base  of  this  hill  flows  a  small  stream,  which  is  said  never  to  run 
entirely  dry.  Notwithstanding  its  small  volume  it  would  be  of  great 
value  to  the  prosperity  of  any  works  erected  here,  as  tiie  portions  of 
the  range  on  the  divide  into  the  Real  Viejo  Caiion  are  destitute  of 
water,  like  all  the  districts  in  limestone  in  this  part  of  Mexico  ob- 
served by  me. 

As  just  stated,  the  rock  of  the  north  boundary  of  the  canon  is  pul- 
verulent and  friable  like  a  rotten  gneiss.  Many  loose  fragments  of 
feldspar  are  observed.  Many  granite  and  feldspar  and  small  quartz 
veins  cutting  the  side  of  the  hill  are  passed,  and  besides  these,  a  dyke  of 
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syenite,  south  of  the  shaft,  strikes  X.  5"^  W.,  —  vertical,  and  would 
intersect  the  San  Ixafail  if  continuous,  near  the  deep  shaft. 

The  first  shaft  passed  on  the  vein  is  about  10  varas  deep  and  is 
sunk  on  a  whitish  mass,  striking  N.  30°  E.,  vertical  or  dipping 
slightly  to  the  E.  30''  S. 

The  deep  shaft  gives  evidence  of  having  been  extensively  wrought. 
The  vein  is  two  feet  wide  at  the  top  or  outcrop  and  exposes  across 
its  face  bands  of  quartz  and  feldspar,  of  which  the  detached  frag- 
ments frequently  contain  ore.  At  the  surface  the  dip  is  E.  20°  S. — 
85°.  A  short  distance  down  the  slope  the  vein  changes  to  E.  40°  S. 
—  80°,  and  at  a  depth  of  20  varas  it  changes  to  a  vertical  dip,  widen- 
ing also  somewhat.  Its  strike  is  N.  35°  E.  and  its  breadth  about  one 
vara,  or  33.38  inches. 

The  opening  was  in  a  very  dangerous  condition,  and  there  are  at 
present  four  victims  of  the  culpable  carelessness  of  somebody,  who 
lie  buried  at  the  bottom  of  the  shaft  where  they  were  crushed  seven 
years  ago.  The  slopes  have  been  irregularly  made,  and  have  been 
left  without  timbering  of  any  kind.  In  time  the  granite,  which  has 
been  very  much  fractured,  has  partially  detached  large  blocks  from 
the  sides  and  roof;  and  the  whole  excavation  is  thus  lined  to  the  base 
of  the  last  shaft. 

A  verv  slijiht  shock  would  bring  down  one  or  more  of  these 
and  effectually  seal  the  opening  against  all  efforts  to  escape.  The 
writer  examined  this  mine  to  the  depth  of  about  20  varas. 

The  vein  matter  is  a  weathered  feldspathic  granite  which  is  said  to 
be  poor  down  to  a  level  which  by  a  singular  coincidence  corresponds 
with  the  present  bottom  of  the  mine.  This  statement  cannot  be  now 
verified,  but  has  not  any  reason  that  the  writer  could  see  to  support  it. 
S{)ecimens  taken  by  him  from  the  surface  outcroppings  of  the  vein  had 
an  average  specific  gravity  of  2.46,  and  on  assaying  were  found  to 
contain  $15.48  in  silver  and  no  lead  (as  might  have  been  anticipated 
from  the  low  specific  gravity). 

There  are  altogether  six  shafts  on  this  vein  averaging  8  varas  in 
depth  and  about  10  varas  apart,  but  none  of  them  were  in  a  condi- 
tion to  examine,  except  the  deep  shaft  above  considered. 

A  narrow  seam  of  very  feldspathic  granite  lies  on  the  hanging  of 
this  shaft.  It  is  f  inch  thick,  and  is  said  always  to  mark  the  sur- 
face of  this  wall  in  the  deep,  though  it  is  also  said  to  thicken  very 
much  there. 

About  six  inches  from  the  hanging,  a  vein  of  guija  (gangue),  is 
noticed  to  carry  ore. 
VOL.  XII.— 36 
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The  mountain  facing  this  ore  and  on  the  north  si<le  of  the  canon, 
is  a  limestone  mountain,  as  also  that  which  faces  it  to  the  north 
across  the  canon  of  the  Caballos.  Both  these  canons  are,  therefore, 
depressions  caused  by  contact  of  intrusive  granite  and  limestone. 
The  road  up  the  Canon  de  los  Caballos  is  the  shorter  but  much  the 
rougher  of  the  two.  The  ores,  if  free  milling  ores,  could  be  treated 
with  advantage  near  the  mouth  of  the  ravine,  and  the  bullion  trans- 
ported through  either  of  these  canons  to  the  market. 

In  the  cailon  are  numerous  ruins  of  old  works  (some  of  Spanish 
origin),  including  one  for  the  treatment  of  the  ores  which  was  only 
abandoned  a  few  years  ago. 

This  locality  has  all  the  elements  of  a  region  rich  in  mineral 
veins.  That  is  to  say,  the  presence  of  this  great  granite  mass  in 
the  midst  of  the  limestones,  and  the  existence  of  the  many  dykes 
which  have  cut  through  it,  have  furnished  conditions  which  are  fa- 
vorable to  the  deposition  of  metalliferous  matter.  But  it  is  not  neces- 
sary to  speculate  inductively  on  this  subject.  The  depth  to  which 
this  mine  has  been  wrought;  the  many  other  mines  in  the  neigh- 
borhood which  were  once  wrought  by  the  Spaniards;  and  more  than 
all,  the  extensive  mining  enterprises  being  conducted  in  the  Po- 
trillo,  just  over  the  divide,  and  within  a  mile  or  two  of  this  place, 
all  point  to  it  as  one  where  the  probabilities  of  mineral  wealth 
are  very  strong. 

In  the  table  on  the  next  page  I  have  endeavored  to  condense  as 
much  as  possible  the  scientific  and  economical  data  which  have  re- 
sulted from  the  examination  of  these  ores.  In  this  table,  the  first 
column  con)prises  the  samples  so  marked  as  to  indicate  whether 
collected  by  the  writer  or  simply  given  to  him  and  collected  by  some 
one  else.  Under  the  head  of  Silver  the  values  per  ton  are  given, 
both  at  the  rate  at  which  silver  was  selling  in  January,  1884,  and 
also  on  the  less  commendable  but  more  usual  calculation  of  the 
"coin  value,"  or  that  value  which  is  ascribed  to  silver  in  the  coinage, 
on  the  suj)position  that  the  copper  alloyed  with  it  has  no  value  and 
the  silver  al(?ne  is  worth  the  denomination  of  the  coin.  The  lead  has 
been  calculated  in  per  cent,  and  afterwards  at  the  ruling  price  at  the 
same  epoch.  Finally,  the  sum  of  the  two  values  is  given  in  the 
next  to  the  last  column,  and  the  specific  gravities  in  the  last  column. 

Some  values  have  been  suppressed  for  reasons  connected  with  the 
business  interests  of  the  Company  which  desired  this  investigation 
to  be  made. 
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Mill  Site  near  Monclova.* 

An  examination  was  made  of  a  fine  mill-site,  two  and  a  half  miles 
southeast  of  the  town  of  Monclova,  known  as  the  Campanas.  The 
river  Monclova,  which  flows  through  the  town  of  that  name,  sep- 
arates into  several  branches  at  the  Campanas  and  reunites  further 
down  the  stream.  After  following  the  stream  up  the  current  from 
Monclova,  one  soon  passes  into  a  valley  bounded  by  low  narrow, 
ridges  of  conglomerate,  containing  pebbles  of  the  carboniferous  lime- 
stone of  the  Sierra  de  la  Gloria  and  the  Cerro  Mercado.  These 
hills  separate  more  widely  towards  the  head  of  the  Campanas,  and, 
finally,  after  sweeping  around  a  flat  and  fertile  meadow  of  five  or  six 
acres,  run  directly  across  the  course  of  the  stream,  forming  a  water- 
fall and  rapids  of  sixty-five  feet. 

A  very  rough  experiment,  made  with  a  view  of  testing  the  volume 
of  the  portion  of  the  stream  which  forms  the  falls  on  the  Monclova 
side  of  the  river,  gave  21,000  gallons  a  minute. 

This  would  furnish  ample  power  for  a  stamp-mill,  dressing-works, 
and  compressed  air  for  a  blast  furnace;  and,  if  more  power  were 
necessary,  about  three  times  as  much  could  be  obtained  by  employing 
the  whole  stream  instead  of  the  portion  of  it  which  has  been  men- 
tioned. 

The  situation  has  not  escaped  the  observation  of  enterprising 
men  in  the  past.  A  large  cotton  mill  was  erected  here  by  an  En- 
glishman, and  worked  with  profit  for  some  time,  until  its  final  de- 
struction by  fire. 

The  cliiF  over  which  the  stream  plunges  is  the  same  conglomerate, 
of  which  the  upper  part  is  decomposed  into  earth  and  pebbles,  the 
latter  being  rolled  fragments  of  the  limestone  of  the  great  ranges 
of  the  Sierras  de  la  Gloria  and  San  Marcos.  A  vein  of  highly  fer- 
ruginous matter  about  3  varas  in  thickness  crosses  the  conglomerate, 
striking  about  S.  20°  W. 

FUEL. 

A  most  important  element  of  success  in  any  undertaking  to  work 
the  mines  previously  described,  is  the  question  of  fuel. 

At  present  the  charcoal  made  from  the  Mesquite  and  other  trees 
of  the  region,  has  sufficed  to  supply  this  demand ;  but  in  spite  of 
the  fact  that  some  of  this  charcoal  is  quite  compact  and  tetuicious,  it 
will  soon  cease  to  be  available  except  in  abnormally  favored  regions, 
because  tree-growth  is  not  a  strong  feature  of  this  region,  and  most  of 

*  See  Plate  7. 
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the  plants  which  replace  it  have  not  that  woody  fibre  which  is  best 
suited  to  make  good  charcoal ;  and  even  in  the  opposite  case  it 
is  hardly  doubtful  that  good  coke  would  bo  a  better  material. 

In  discussing  the  subject  of  fuels  in  the  report  quoted  above,  Mr. 
Birkinbine  says  of  the  Durango  ore  that  it  would  not  be  advisable 
to  construct  an  ironworks  at  that  locality,  dependent  on  mineral 
coal  or  coke  for  fuel,  but  that  the  railroads  will  soon  establish  a  com- 
munication with  coal  deposits.  Further  on,  he  states  the  cost  of 
charcoal  (made  from  the  Mesquit  and  Huysachic  woods,  either 
of  which  he  adds  makes  a  hard  dense  charcoal  which  possesses  un- 
usual calorific  power)  as  8  to  10  cents  a  bushel,  which  "could  be 
much  reduced  if  more  modern  practice  was  employed,  and  large 
quantities  produced." 

Without  discussing  the  question  with  Mr.  Birkinbine  of  what 
species  of  fuel  will  ultimately  prove  most  advantageous  to  the 
^Mexican  iron  industry,  it  may  be  remarked  that  his  suggestions  are 
well  worthy  of  attention. 

Monclova  is  about  seventy  miles  southwest  of  the  extensive  coal 
fields  opened  up  by  Dr.  H.  B.  Butcher. 

The  communication  is  by  the  Herraanos  Pass,  and  there  would 
probably  be  but  little  difficulty  in  running  a  narrow-gauge  road  by 
the  RioSalada,  and  through  Progreso  (provided  no  nearer  coal-fields 
be  opened),  to  connect  the  mines  and  Monclova,  which  is  destined  in 
any  event  to  be  a  commercial  and  manufacturing  centre  of  great  im- 
portance. 

In  this  connection  the  practice  at  the  Panuco  smelter  at  Candela, 
is  quite  interesting.  These  furnaces  have  been  conducted  by  Dr. 
Henry  B.  Butcher,  and  have  been  run  on  the  coal  which  he  first  dis- 
covered near  the  river  Sabinas(?)  twenty  miles  north  of  Progreso.* 

Dr.  H.  B.  Butcher  informs  me  that  the  reverberatory  (Swansea)  fur- 
naces were  capable  of  treating  four  charges  of  1^  to  2  tons  of  the 
Panuco  copper  ore  in  a  day,  and  that  to  do  this,  required  from  3  to  'S^ 
tons  of  coal.  The  total  amount  of  ore  would  thus  be  6  to  8  tons,  and 
the  limestone  mixed  with  it  from  120  pounds  to  200  pounds.  In  other 
words,  from  12,120  pounds  to  16,200  pounds  of  charge  was  treated 
by  6000  to  7000  pounds  of  coal,  which  shows  very  well  for  its  duty 
on  the  large  scale.     An  inspection  of  the  residue  left  under  the  grate 

*  This  locality  is  marked  in  the  specimens  of  fossils  which  he  was  good  enough 
to  give  me  "Sahinas,"  though  on  his  map  the  coal-mine  occurs  on  a  river  marked 
"Rio  Sa"  which  is  seen  to  form  a  junction  with  a  stream  called  the  "Salada." 
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revealed  numerous  fragments  of  well-coked  coal,  which  was  coherent 
and  well  adapted  to  metallurgical  operations. 

I  selected  some  of  the  coal  from  the  bins  at  the  furnace,  and  had 
it  analyzed  in  my  laboratory  by  Mr.  Henderson,  with  the  following 
results  : 

Specific  gravity  of  coal,     .         .     1.46 

Hygroscopic  moisture, .        .  .54 

Volatile  combustible  matter,      .......  19.26 

Fixed  Carbon  (Coke),  by  difference, 62.32 

Ash  (light  grayish  white), 17.88 

Total, 100.00 

Fuel  ratio,  .         .         .     3.23 

The  following  check  analysis  was  subsequently  made  by  Mr. 
Richard  D.  Baker  of  another  fragment  of  the  same  piece  of  coal. 

As  the  two  analyses  were  fragments  and  not  from  an  averaged 
lot,  the  differences  are  unimportant. 

The  lesser  percentage  of  volatile  combustible  matter  in  the  fol- 
lowing analysis  may  be  due  to  changes  which  had  taken  place  in 
the  coal  itself  during  the  two  weeks  of  its  exposure  in  the  labora- 
tory intervening  between  the  two  analyses : 

Hygroscopic  moisture,   .......  51 

Volatile  combustible  matter, 18.76 

Fixed  Carbon  (Coke)  by  difference,       ....  65.35 

Ash  (light  grayish  white), 15.38 

100  00 

Sulphur, 0.317 

Phosphorus, trace. 

Fuel  ratio,       .        .        .     3.48 

It  may  be  interesting  to  compare  this  result  with  that  obtained 
from  a  specimen  of  coal  from  the  Carazal,  which  was  furnished  by 
Mr.  W.  A.  Butcher,  and  analyzed  by  Mr.  Henderson. 

Specific  gravity  of  coal,     .        .     1.39 

Hygroscopic  moisture, 0.58 

Volatile  combustible  matter, 16.24 

Fixed  Carbon  (Coke),  by  difference, 64.48 

Ash  (grayish  white), 18.70 

Total, 100.00 

Fuel  ratio,         .        .        .    3.97 
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The  fuel  ratios,  or  the  ratio  between  the  soliil  and  volatile  hydro- 
carbons, are  3.-3,  3.48,  and  3.97,  which  place  them  well  within  those 
of  bituminous  coals,  i.e.,  those  having  a  fuel  ratio  of  from  5  to  0. 

It  will  be  understood  bv  all  those  familiar  with  coals,  that  the  large 
percentage  of  ash  in  the  above  analyses  is  a  variable  iiictor  which  is 
almost  certain  to  be  very  much  reduced  when  the  mines  get  to  pro- 
ducing on  the  large  srale.  The  fuel  ratio  was  a  means  suggested 
by  the  author,  to  ascertain  the  true  relationships  of  the  coal  inde- 
pendent of  this  fortuitous  factor.* 

It  is,  of  course,  of  the  greatest  importance,  in  the  great  devel- 
opment which  Mexico  is  almost  certain  to  undergo  in  the  next  iew 
years,  that  fuel,  the  most  important  adjunct  to  such  development, 
should  be  obtainable  from  her  own  domain,  and  near  the  scenes  of 
the  operations  which  foreign  capital  is  about  to  commence. 


List  of  Levels  obtained  from  Mr.  E.  A.  Handy,  Engineer 
IN  charge  "  Mexican  Xational  R.R.,"  Saltillo,  Mexico. 

Feet  above 
ocean  level. 

Laredo,  Texas 438 

Lampazos,  Mexico, 1032 

VUlaldama.       "  1412 

Monterey,  "  1790 

Garcia,  "  2334 

Saltillo,  "  5253 

Puerta  de  los  Carneros,  Mezico,        ....  6916 

Matehuala,  " 5360 

Solis,  " 6138 

Monclova,  "  1980 

Monclova,!  " 1948.85 

CastaSo.t  " 2431.14 

The  Corrected  Barometer  Levels  based  upon  the  above 
DATA.  Taken  by  the  writer  in  Mexico,  November  and 
December,  1883. 

FEET  ABOVE  SEA  j  FEET  ABOVE  SEA 

Laredo  (Texas',   ....  438    Bridge  over  Salado,  .        .        .        .      558 

Bridge  over  Rio  Grande  (?),     .         .  518    Mojiiio  (station  M.  N.  R.R.),    .         .       733 

Noevo  Laredo,  Mexico,    .        .        .      568 .  Lampazos, 1032 

First  cut  west  on  railroad,       .        .  633  I  Golondrina  (station  N.  M.  R.R.),     .    1407 

*  See  Trnnmctionn  of  Am.  Inst,  of  M.  E.,  vol.  vi.,  p.  430,  and  publications  of  the 
2d  Ge<jl.  Snrv.  of  Pa.,  vol.  M.,  p.  128. 
t  Data  obtained  from  the  Mexican  International  B.B. 
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FEET    ABOVE  SEA 
1462 

1637 
1812 

1987 
2612 
3212 
3837 
4152 
4462 


Guadalupe  (station  N.  M.  R.R.), 
Pass  til  rough  foot-hills  west,    . 
Second  Mescal  Ranche,    . 
Piedras  Pintas, .... 
Near  foot  of  Yguana  Range,     . 
Cedar  Tree  (at  Candela  Fork), 

Later, 

10  minutes  later, 

15  minutes  later  (summit), 

8  minutes  later  (commencement  of 

descent), 4462 

14  minutes  later  (foot  of  steeji  de- 
scent)   4212 

Jacal  M.  Viej   (15  minutes  later),    .  4062 

Boca  Negra, 4337 

Mouth  of  Buena  Vista  drift,      .        .  3897 

Doctor, 3797 

Guadalupe  Mine,        ....  3517 

Boundary  of  Arroyo  {8.  of  Claim),    .  3497 

Mouth  of  Arroyo  Mine,     .         .         .  3342 

Near  bound,  of  A.,  head  of  gulch,  .  3437 
Villaldama  Station,      .        .        .  1412 

Villaldama  (Botello's),      .         .         .  1372 

In  Villaldama  Valley,       .        .         .  1747 

Jacal  d.  San  Isidro  del  Potrero,        .  1822 

Mouth  of  Potrero  Canon,           .         .  1917 

100  yards  east  of  the  following  :       .  2697 

San  Antonio, 2722 

Jacal  de  Don  Tomas  Gonzalez  Vil- 

lareal 2747 

45  minutes  on  road  to  Pinitos,          .  3642 

Estacado  (halting  place),          .        .  3742 

15  minutes  from  above,  .  .  .  4492 
Encino  Gordo  (second  halting  place),  4607 
Pinitos  main  opening,        .         .         .  5317 

Botello's  jacal, 6067 

1st  halt  on  road  to  Montanos,    .        .  6267 

2d  halt  on  road  to  Montanos,     .        .  6317 

Water  hole  nearest  jacal, .  .  .  6367 
Minor  summit   on   range  (road   to 

Montanos), 6387 

Vein,  outcrop  on  route,     .         .         .  6342 

Summit  on  route  to  Montanos,  .         .  6567 

Principal  mouth  of  Montarios,  .         .  6017 

Summit,  3  hours  later,  12.45  p.m.,  .  6567 
25  minutes    later,    Botello's    jacal, 

1.10  p.m.,         .         ;        .         .         .  6067 

Hacienda  San  Anton,  (foot  of  field),  2672 

Lampazos  town  (Vasquez's  shop),    .  1092 

El  Paso  Creek  (road  to  Candela),     .  1132 

Candela  (Dr.  H.  M.  Butcher's  house),  1012 

Candela  (copper  furnaces),       .         .  1612 

Entrance  to  Puerto,  ....  1767 

Middle  of  Puerto,  .            ...  1882 


FEET   ABOVE  SEA 

.  1872 

.  2252 

2752 

3742 

4017 


Ojos  Calientes, 

Puerto  San  Antonio, 

Road  crossing  ridge  east  of  Panuco, 

House  at  Panuco  Mine, 

Mouth  of  Graham  Level, . 

Tree    near   gold    mine,    in   bed   of 

brook, 3927 

Gold  Mine  (of  W.  A.  Butcher),        .    3977 

Summit   between   Gold   Mine    and 

Panuco, 4377 

Road  from  Panuco  Mine,  at  second 

arroyo, 3077 

Intersection  with  main  road  to  Mon- 

clova,  • 2217 

.  1937 
.  1937 
.  1727 
.  1877 
.  1917 
,  1937 


Ranche  del  Salitrillo, 
Hacienda  de  la  Mota, 
Carizo  Lejos, 
Hacienda  de  El  Oro, 
San  Jose,    . 
Jim.  Denning's  (Monclov; 

Monclo  va ;  Point  unknown  R.R. 
datum), 1980 

Monclova,*     ....     1948.85 

Head  of  Campanas,    ....    2025 

Bottom  of  hill, 1972 

Foot-hills,  5  miles  southwest  of  Mon- 
clova,        2427 

Opening  of  La  Paloma,  .  .  .  2577 
Ridge  between  cut  and  Riojas,  .  3627 
Summit    of     Divide     Las    Animas 

Canon,     .         .         .         .         . 
Water  line  Las  Animas  Cailon, 
Iron  outcrops,  Trail  to  Riojas, 
Mouth  of  Riojas  (second  shaft), 
Dump  pile  (first  shaft  Riojas), 
Road  to  Saltillo,  opposite  iron  mine, 

Castano, 

Castafio,® 

Palo  Blanco  (Coahuila),    . 
Camp.  Caiion  del  Real  Viejo,  . 
Water  line  below  San  Rafael,   . 
Mouth  of  first  shaft  San  Rafael, 
Mouth  of  principal  sha^t  San  Rafael, 
Another  point  (foot  of  steep  hill),   . 
Camp,  near  above,     .... 

San  Ramon, 

Highest  point  opposite  Sierra  Colo- 
rada, 


Dinner  Camp,    . 
Bustamante  Station, 
Palo  Blanco  Station, 
Salinas  Station, 
Monterey  Station, 
Monterey  hotel. 


4027 

3427 

3252 

3077 

3027 

2187 

.    2462 

2431.14 

.    2662 

.     3337 

.     3737 

.     4437 

4512 

3787 

1927 

1952 

1902 
1842 
1532 
1887 
1547 
1790 
1465 


*  Data  obtained  from  the  Mexican  International  R.R. 
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Amidst  many  conflicting  data,  unavoidable  in  a  case  like  the  pres- 
ent, where  a  hirge  number  of  observations  extending  over  a  long 
time  were  made  on  a  single  aneroid  barometer  without  even  the 
check  which  simultaneous  readings  of  a  stationary  instrument  would 
have  supplied,  the  lieight  of  Guadalupe  station  was  assumed  as 
430  feet  above  Lampazos  station,  this  being  the  mean  of  two  sets 
of  readings  taken  at  intervals  of  two  hours  between  the  stations. 
This  makes  Guadalupe  station  1462  feet  above  ocean  level,  and  all 
the  altitudes  in  the  Villaldama  district  are  calculated  on  this  basis. 
The  altitudes  obtained  in  the  Monclova  district,  and  in  the  region 
between  it  and  Lampazos,  are  calculated  directly  from  the  datum  of 
Lampazos  station.  The  isolated  datum  for  Monclova  obtained  from 
Mr.  Handy  could  not  be  used  because  the  exact  spot  is  not  specified. 


THE  TORSION-BALANCE. 

BY   ALFRED  SPRINGER,   PH.D.,   CINCINNATI,   O. 

C^E^fISTS,  physicists  and  others,  whose  occupations  necessitate  the 
use  of  fine  scales,  have  heretofore  regretted  their  inability  to  obtain 
any  which  would  remain  uniformly  accurate. 

The  difference  between  the  theoretical  and  the  actual  results  ob- 
tained in  the  ordinary  balance  (provided  the  pivot-distances  are 
exact)  is  mainly  due  to  the  frictional  resistance  between  the  knife- 
edges  and  their  bearings.  This  frictional  resistance,  although  re- 
duced to  a  minimum  in  the  finest  scales  when  new,  constantly  in- 
creases, thereby  decreasing  the  sensitiveness  proportionately. 

When  examined  under  the  microscope,  neither  the  surface  of  the 
knife-edge  nor  that  of  its  bearings  ever  appears  perfectly  smooth. 
Soft  knife-edges  are  easily  blunted,  whereas  hard  ones  are  brittle 
and  liable  to  crumble  under  the  effects  of  over-load  or  shock. 

Prof.  Frederick  A.  Roeder  for  many  years  attempted  to  discover 
some  means  by  which  the  knife-edge  could  be  replaced  with  some 
device  free  from  the  above-mentioned  objections.  His  experiments 
convinced  him  that  a  torsion-joint  was  best  suited  for  that  purpose. 
After  he  had  communicated  his  conclusion  to  me,  we  jointly  devel- 
oped the  system  to  its  present  form.  A  torsion-wire  had  been  used 
for  the  centre  of  rotation,  prior  to  Prof.  Roeder's  invention,  but  it 
was  found  impossible  to  replace  the  terminal  knife-edges  with  tor- 
sion-joints. 
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THE  TORSION-BALANCE. 


The  use  of  a  torsion-joint  introduces  a  new  element  opposed  to 
sensitiveness,  namely  :  that  of  resistance  to  molecular  displace- 
ment. 

In  the  scales  manufactured  by  us,  according  to  the  size,  thin  wires 
of  gold  or  bands  or  rods  of  an  elastic  material  are  strongly  tensioned 
over  suitable  frames  (which  themselves  are  thereby  strengthened  by 
being  equally  pressed  on  all  sides). 

The  centre  frame  B,  being  attached  to  the  base  of  the  scales,  is  an 
immovable  one.  On  the  upper  and  lower  wire  D  of  this  frame 
a  compound   parallel   beam  A,  A,  is  firmly  attached.     The  ends  of 


A.  A.  Parallel  compound  beam.  B.  Immovable  centre  I'rame,  carrying  index 
and  beam.  C.  C.  Movable  frames  carrying  the  pans.  D.  D.  D.  Stretched  gold 
wires  over  the  frames,  acting  as  central  and  terminal  pivots.  E.  Index.  F.  Weight 
for  the  purpose  of  elevating  the  centre  of  gravity.  G.  G.  Cups  for  pans.  H.  11. 
Pans.  I.  Arrest.  K.  K.  Support  to  receive  the  weight  of  the  scale  when  not  in 
use. 


the  beams  are  similarly  attached  to  the  wires  of  the  movable  cross- 
pieces  C,  C.  The  purpose  of  the  outer  cross-pieces  which  carry  the 
support  for  the  pans,  is  to  allow  them  to  descend  in  a  vertical  direc- 
tion, thus  keeping  exact  fulcrum-distances. 

Every  part  of  the  system  being  firmly  soldered,  the  whole  con- 
struction is  in  reality  but  a  single  piece. 

The  resistance  to  molecular  displacement  is  augmented  by 
the  tension  at  which  the  wires  are  held,  and  increases  with  the 
angle  of  displacement.  This  resistance  to  torsion  is  many  times 
greater  than  the  frictional  resistance  between  the  knife-edge  and  its 
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beariiiffs,  but  tliftei-s  from  tlio  latter  in  tlii?:  that  it  does  not  vary 
with  ditt'erent  h>ads ;  whereas  the  trietion  in  the  knife-edge  increases 
with  the  load  placeil  on  the  pans. 

Now  if  this  torsional  resistance  be  compensated  in  some  suitable 
manner,  it  is  perfectly  evident  that  it  will  ])lay  no  further  role  in 
the  working  of  the  scales.  This  nullification  of  torsional  resistance  is 
effected  in  a  peculiar  manner  which  we  have  found  to  be  perfect  for 
any  arc  of  oscillation  used  in  balances. 

As  a  compensation  to  torsional  resistance,  we  make  use  of  a 
"  poise"  F,  above  the  centre  of  rotation,  which  has  no  effect 
upon  the  twisting  of  the  wire  as  long  as  in  the  centre,  but  according 
to  the  laws  of  gravity  has  an  increasing  effect  in  proportion  as  it 
moves  from  its  neutral  position.  This  increasing  force  in  oscillation 
exactly  counterbalances  the  increasing  resistance  to  molecular  dis- 
placement, thus  effecting  an  absolute  nullification  of  ithe  original  tor- 
sional resistance  in  the  wires,  when  oscillating.  The  scales  are  now 
free,  not  only  from  torsional  resistance,  but  are  absolutely  friction- 
less. 

For  many  purposes  it  is  desirable*  to  have  less  sensitive  scales. 
When  this  is  the  case,  the  poise  is  simply  lowered,  until  the  required 
sensitiveness  is  obtained. 

We  have  been  asked  frequently,  whether  the  twisting  of  the 
wires  does  not  tend  to  break  them.  We  need  only  answer,  that 
a  careful  observation  \vill  show  that  the  wires  are  long  and  the  arc 
of  oscillation  comparatively  small ;  furthermore,  every  molecule 
partaking  in  the  motion,  no  part  of  the  wire  undergoes  much  "tor- 
sion.    In  fact,  it  is  barely  visible.     Thus  much  for  the  smaller  scales. 

It  will  be  readily  understood  that  by  moving  one  of  the  outer 
cross-pieces  towards  the  centre  one,  and  the  other  away  from  it,  we 
obtain  the  common  steel-yard  with  its  ends  of  unequal  length;  that 
is,  a  single  multiplying  lever,  in  which  the  knife-edges  are  replaced 
with  torsion-joints.  Furthermore,  if  the  long  end  of  this  lever  be 
attached  by  a  similar  cross-piece  to  the  short  end  of  another  such 
lever,  we  get  the  effect  of  multiplying  levers  as  used  in  ])latf()rm  and 
other  large  scales,  but  with  this  great  difference:  that  the  multipli- 
cation of  the  torsion-joints  in  contradistinction  to  the  knife-edges 
does  not  increase  the  error  due  to  friction. 

All  the  levers,  like  the  simple  scale,  act  as  one  piece ;  and  the 
poise  can  be  placed  over  every  centre  of  rotation,  or,  if  convenient, 
over  a  single  one.  We  prefer  to  place  it  over  the  last  one  in  the 
system,  thus  decreasing  its  size  proportionately  to  the  multiplica- 
tion of  the  levers. 
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Both  large  and  small  scales  constructed  on  this  system  are  ex- 
tremely sensitive  and  durable. 

Discussion. 

[Several  members  asked  and  received  information,  illustrated 
upon  the  blackboard,  as  to  the  details  of  construction  of  the  torsion- 
balance.] 

President  Hunt:  How  large  a  scale  have  you  actually  con- 
structed on  this  principle? 

Dr.  Springer:  The  first  scale  we  constructed  was  an  analytical 
balance,  which  was  used  at  the  Cincinnati  University.  Then  we 
made  a  larger  one,  a  grocery-balance.  The  last  was  a  thousand- 
pound  balance.  We  have  tried  to  weigh  letters  on  it,  to  determine 
the  amount  of  postage  required,  and  it  does  this  with  the  greatest  of 
ease.  And  there  is  no  doubt  that  any  size  of  bar  can  be  used  pro- 
vided the  torsional  resistance  is  overcome. 

Arthur  V.  Abbott,  New  York  City  :  I  had  the  pleasure  of  see- 
ing one  or  two  of  these  scales  in  New  York  a  few  weeks  ago,  and 
while  I  did  not  have  an  opportunity  to  give  them  the  careful  ex- 
amination that  I  should  have  liked  to  give,  yet  they  struck  me  as 
being  exceedingly  ingenious  and  useful  contrivances.  I  would  ask 
Dr.  Springer  whether  he  has  made  any  experiments  to  determine 
exactly  what  the  absolute  sensitiveness  of  the  scale  is?  I  suppose, 
even  in  the  very  best  mechanical  contrivances,  there  is  some  little 
loss.  I  think  that  even  in  the  famous  Emery  scale,  Mr.  Emery 
will  admit,  and  does  admit,  that  there  is  a  slight  loss.  Although  it 
is  so  very  slight  in  comparison  with  the  immense  weights  dealt  with 
at  the  Watertown  Arsenal,  that  it  is  practically  inappreciable,  yet 
there  is  a  loss.  My  question  would  be  this:  Suppose  we  place  on 
one  of  the  pans  a  weight,  for  example,  of  one  hundred  pounds,  now 
what  is  the  smallest  quantity  of  additional  weight  that  will  give  a 
perceptible  motion  at  the  end  of  the  beam? 

Dr.  Springer  :  It  depends  altogether  on  the  number  of  trans- 
missions. I  do  not  think  there  is  such  a  thing  as  any  weight  not 
having  some  action.  The  weight  may  be  so  small  that  the  action 
may  be  imperceptible  on  the  scale  as  we  construct  it  for  ordinary 
uses ;  but  not  if  it  is  made  for  scientific  purposes.  If  desired,  we 
could  put  in  a  system  of  leverage,  for  which  you  could  not  find  a 
weight  so  small  that  it  would  not  show  on  some  one  or  other  of  the 
levers.  Of  course,  we  are  not  making  the  scales  as  sensitive  as 
that.     The  large  scales  we  do  not  want  to  make  so  sensitive.    There 
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is  an  objection  to  it.  For  instance,  if  a  grocer's  scales  indicated  a 
grain  too  mncli,  or  a  grain  too  little,  he  wonld  never  stop  M'eigh- 
ing.  But  in  analytical  scales,  or  for  gas-analyses,  there  is  almost  no 
end  to  sensitiveness;  yon  want  the  end  as  sensitive  as  possible. 
Bnt  the  first  analytical  balance  did  not  have  the  requisite  sensitive- 
ness. With  150  jrramraes  on  either  side  the  scale  was  sensitive  to 
yV  niilligrainme.  Then  it  was  not  the  perfected  instrument  that  it  is 
now.  I  dare  say  it  is  in  its  infancy  at  present.  We  have  been 
working  empirically  to  a  certain  extent.  Our  new  balances  will 
show  Y^J  "milligramme  when  loaded  to  500  grammes. 

X.  W.  Perry,  Cincinnati,  Ohio :  Did  it  ever  occur  to  you,  where 
extreme  accuracy  and  fine  weighing  are  desired,  to  have  an  electri- 
cal register?  The  difference  in  conductivity  of  these  wires  in  dif- 
ferent deg-rees  of  torsion,  misjht  not  that  give  a  good  register  for  the 
minute  variations? 

Dr.  Springer:  We  have  made  no  attempts  whatsoever  in  that 
line,  and  of  course  I  cannot  say  what  the  effectiveness  of  such  an 
arrangement  would  be. 

F.  W.  Gordon,  Pittsburgh,  Pa. :  I  would  ask  Dr.  Springer  if 
he  can  give  some  opinion  with  regard  to  the  liability  to  set  by  this 
torsion.  That  is  to  say,  such  a  set  as  would  be  insignificant  in  or- 
dinary mechanical  appliances,  but,  in  balances,  would  raise  a  ques- 
tion for  very  grave  consideration.  Have  any  experiments  of  value 
been  made  to  determine  that  question? 

Dr.  Springer  :  We  have  taken  that  very  carefully  into  considera- 
tion. The  scale  that  we  use  up  to  150  pounds,  will  not  set  with 
less  than  1300  pounds,  so  that  there  is  no.  possibility  of  an  injurious 
.set  being  caused  by  such  small  weights  as  150  pounds  and  below. 
Our  drug-scale  will  not  set  with  less  than  a  pound  and  a  half,  and 
the  higliest  amount  to  be  weighed  on  it  is  one  ounce. 

Mr.  Kent  :  Are  there  any  of  the.se  scales  on  exhibition  ? 

Dr.  Springer  :  For  a  week  we  have  been  22  feet  under  water, 
and  are  4  feet  under  now;  but  the  scales  are  there,  and  I  shall  be 
glad  to  show  them  a.s  well  as  I  can  to  anybody  who  will  risk  the 
visit. 
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TAMPING  DRILL-HOLES  WITH  PLASTEB  OF  PARIS. 

BY  FRANK  FIRMSTONE,   EASTOX,   PA. 

In  the  summer  of  1881  we  were  forcer]  to  break  up  and  remove 
the  large  mass  of  iron  wliich  had  accumulated  under  No.  2  furnace 
at  Glendon,  in  order  to  prepare  the  foundations  of  the  new  furnace 
which  has  taken  its  place. 

We  used  "  Atlas"  powder,  drilling  the  holes  with  a  pair  of  E,and 
drills.  These  worked  very  well  when  the  iron  was  at  all  uniform 
in  hardness;  but  this  was  not  often  the  case;  and  it  frequently  hap- 
pened that  the  holes  were  hopelessly  blocked  when  but  little  over  a 
foot  deep.     Good  tamping  became,  therefore  very  important. 

The  common  method  of  tamping  is  certainly  very  dangerous 
when  there  is  a  percussion  cap  in  the  hole,  and  has,  no  doubt,  caused 
many  of  the  accidents  attributed  directly  to  high  explosives.  We 
found  an  excellent  and  safe  method  by  using  plaster  of  Paris,  mixed 
to  the  proper  consistency  and  poured  into  the  lioles  as  soon  as  they 
were  loaded.  Clean  dry  sand  was  mixed  with  the  plaster  to  reduce 
the  quantity  needed. 

With  proper  attention  the  tamping  would  set  in  a  few  minutes, 
and  little  or  no  more  time  was  required  than  for  tamping  in  the 
ordinary  way. 

We  used  a  "magneto"  machine  (Laflin  and  Rand)  to  fire  the 
holes  ;  and  an  additional  advantage  in  the  plan  was  that  any  risk 
of  cutting  the  exploder-wires  in  tamping  was  avoided. 

We  found  it  worth  while  to  load  holes  not  over  13  inches  deep 
in  a  block  3  or  4  feet  thick,  since  the  bottom  of  the  hole  was  en- 
larged by  each  shot  so  that  the  next  time  it  could  be  loaded  more 
heavily,  and  three  or  four  shots  in  this  way  often  did  as  much  good 
as  a  new  iiole  twice  the  depth,  to  drill  which  might  have  taken  ten 
or  twelve  hours. 

The  rise  in  temperature  when  boiled  plaster  solidifies  is  not  suffi- 
cient to  ignite  the  exploders,  as  we  found  by  repeated  trials  before 
using  it  in  a  loaded  hole. 
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Discussion. 

S.  Whinery,  Meridian,  Miss.:  During  the  summer  of  1878, 
while  entrageil  on  the  improvoinent  of  the  Tennessee  River  at  Muscle 
Shoals,  Ala.,  under  Major  W.  R.  King,  U.  S.  Engineers,  I  had  oc- 
casion to  blast  a  large  amount  of  limestone  rock  from  the  channel 
of  the  river.  The  surface  of  this  rock  was  from  1  to  3  feet  below 
the  surface  of  the  water,  and  the  drill  holes  were  from  1  to  3  feet 
doep.  Tiie  depth  of  water  not  being  sufficient  to  make  water- 
tamping  entirely  satisfactory,  I  experimented  with  several  methods 
and  substances  for  tamping  under  water.  Among  these,  plaster  of 
Paris  was  pretty  thoroughly  tried.  When  the  charge  of  dynamite, 
with  tlie  platinum  fuse,  was  in  place  at  the  bottom  of  the  drill-hole, 
plaster  of  Paris,  mixed  quickly  with  sufficient  water  to  make  a 
rather  thin  mortar,  was  run  into  the  drill-hole  by  means  of  a  funnel 
and  tin  tube,  the  lower  end  of  which  was  placed  directly  over  the 
top  of  the  drill-hole.  The  charge  was  allowed  to  stand  twenty  to 
thirty  minutes  for  the  plaster  to  set,  when  it  was  fired  in  the  usual 
way  by  a  dynamo-machine.  This  tamping  gave  very  satisfactory 
results  ;  but  it  was  found  difficult  to  have  the  plaster  used  properly 
and  intelligently  by  the  class  of  laborers  employed,  and  the  plaster 
would  adhere  and  harden  on  the  inside  of  the  tube  so  as  to  fill  and 
obstruct  it  in  a  short  time.  The  advantage  gained  by  this  close  and 
hard  tamping,  over  the  water-tamping,  was  not  found  to  be  sufficient 
to  justify  its  use  under  the  disadvantages  named  above,  and  it  was 
discontinued.  Where  several  hundred  holes  were  to  be  drilled, 
charge<l,  and  fired  each  day,  in  sets  of  from  fifteen  to  twenty  each,' 
and  any  delay  in  charging  and  firing  seriously  delayed  the  whole 
work,  the  saving  of  time,  when  the  charge  was  simply  sunk  to  the 
bottom  of  the  hole,  the  wires  connected,  and  the  charge  fired,  was 
more  than  enough  to  compensate  for  the  defective  water-tamping. 

Dr.  R.  W.  Raymond,  N.  Y.  City:  I  would  call  attention  in 
this  connection  to  the  fact  that,  although  the  rise  in  temperature  in 
plaster  of  Paris  be  not  sufficient  to  explode  any  of  our  highest  ex- 
plosives, there  is  an  element  of  danger  perhaps  not  peculiar  to  the 
use  of  this  substance;  and  yet,  in  proportion  as  it  is  a  perfect  tamp- 
ing, in  that  proportion  this  element  of  danger  is  present.  It  is  not 
safe  to  leave  any  of  the  high  explosives  (at  least  those  which  are 
compounds  of  nitroglycerin),  after  tamping  for  any  considerable 
period  of  time,  in  such  a  confined  position.  A  rise  in  temperature, 
which  may  not  be  enough  of  itself  to  cause  explosion  within  a  rea- 
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sonable  period,  is  often  enough  to  set  a  generation  of  gas  going  which 
will  bring  the  pressure  which  will  cause  explosion.  The  thing  to 
be  done  after  tamping  is  to  fire  at  once.  My  attention  was  called 
to  this  in  the  early  days  of  the  use  of  a  nitroglycerin  powder,  on 
the  Pacific  coast.  I  think  the  case  is  mentioned  in  my  first  rej)ort 
(1869)  as  United  States  Mining  Commissioner.  As  I  recollect  it,  a 
hole  had  been  tamped  in  the  mine  just  about  the  time  to  go  to  din- 
ner, and  the  men  having  gone  to  dinner  leaving  the  hole  with  the 
exploder  in  it,  but  not  lighted.  It  went  off  during  their  absence  of 
itself,  injuring  nobody,  but  surprising  them  a  good  deal.  They  had 
the  idea  that  dynamite  vvas  as  safe  as  brown  sugar;  and  among  the 
miners  the  belief  was  that,  in  order  to  be  safe,  one  had  only  to  be 
careless  with  it,  and  leave  it  lying  around  loose.  There  was  some 
truth  in  that  maxim  ;  but  when  you  come  to  bottle  it  up,  to  pack  it 
in  a  drill  hole,  and  put  tamping  on  top  of  it,  then  the  elements  of 
danger  are  present,  and  it  is  simply  wise  to  fire  it  as  soon  as  you  can. 

At  the  same  mine,  where  I  examined  it  with  some  curiosity,  they 
had  a  box  of  cartridges,  which  they  had  brought  and  unloaded  at 
the  mouth  of  the  tunnel  leading  into  the  mine,  and  to  which  the 
men  went  and  fished  out  a  cartridge  as  they  wanted  it.  This  box 
lay  for  some  hours,  the  first  day  after  its  arrival,  under  the  rays  of 
a  Californian  sun.  Well,  all  that  happened  was,  that  slowly  the 
lid  of  that  box  rose  right  up.  Without  question  there  was  a  gene- 
ration of  gases  going  on  at  the  comparatively  low  temperature 
caused  inside  a  wooden  box  by  the  sun  outside — a  generation  of 
gases — which  lifted  the  lid  and  relieved  the  pressure,  so  that  tiiere 
•was  no  explosion.  But  rigid  tamping  of  a  drill-hole  would  make 
trouble,  I  think,  if  it  should  be  abandoned  too  long. 

William  Kent,  Jersey  City,  N.  J.  :  I  would  suggest  that,  just 
before  the  tamping  with  plaster  of  Paris,  some  compressible  sub- 
stance be  inserted,  with  the  double  object  of  preventing  the  conduc- 
tion of  heat  and  of  making  a  compressible  cushion,  against  which 
the  gases  could  work,  instead  of  confining  them  in  a  solid,  close 
receptacle. 

Dr.  Raymond  :  I  am  inclined  to  think  that  that  expedient  would 
rather  weaken  the  effect  of  the  high  explosive  in  particular  cases, 
like  the  one  cited  in  this  paper,  when  it  is  designed  to  bui-st  asunder 
salamanders  of  iron.  In  tliat  case  I  suppose  that  any  compressible 
substance  making  a  cushion  would  enable  the  charge  to  lift  more 
and  lose  tearing  power,  because  there  would  be  a  yielding  at  the 
instant  of  the  first  impulse,  before  it  came  to  act  directly  upon  the 
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rigid  inclosnro.  I  Inwe  no  doubt  tliat  siu'li  a  cusliion  would  have 
the  desired  elU-ot  where  tearing  was  not  so  nuu'h  required  as  lifting, 
assimilating  the  effeet  of  the  explosion  to  that  of  gunpowder.  I 
have  no  doubt  that  a  safety-pad  would  be  eflfeetive  in  connterp.cting 
the  dangerous  results  of  the  generation  of  gases,  and  perhaps  even 
increasing  the  force  of  powder;  but  at  the  same  time  I  doubt 
whether  it  would  do  as  good  work  in  actually  shattering  solid  rock. 

WiijjAM  Kent:  The  space  occupied  by  the  gases  generated 
before  the  explosion  is  so  small  (being  but  a  few  cubic  inches  to 
several  thousand  times  as  much),  compared  with  the  whole  volume 
of  the  gases  after  the  explosion,  that  I  think  the  effect  in  lessening 
the  force  of  the  explo.'riou  would  be  imperceptible. 

W.  S.  Ayers,  Allamuchy,  X.  J. :  I  have  found  in  limestone  that 
a  cushion  did  affect  the  tearing  power  of  the  powder;  that  the  ex- 
plosion did  not  shatter  the  stone  as  thoroughly  as  it  did  when  the 
cushion  was  not  used. 


THE  IBIBIUIf  INDUSTBT. 

BY  WM.  L.  DUDLEY,    CINCINNATI,   O. 

It  is  my  desire  to  call  attention  to  a  new  industry  which  was 
started  about  four  years  ago,  through  the  discovery  by  Mr.  John 
Holland,  a  resident  of  this  city,  of  the  methods  employed  in  work- 
ing the  metal  iridium.  This  metal  has  been  known  since  the  year 
1803,  having  been  discovered  by  Smithson  Tennant  while  investi- 
gating the  metallic  residue  which  remained  when  platinum  ores 
were  dissolved  in  aqua  regia.  The  metal  is  classed  among  the  rare 
metals,  as  it  is  not  found  in  large  quantities,  although  it  is  quite 
widely  distributed  geographically.  It  is  found  in  California,  Oregon, 
Russia,  East  India,  Borneo,  South  America,  Canada,  Australia,  and 
in  certain  parts  of  France,  Germany,  and  Spain.  The  principal 
sourcesof  supply  of  the  metal  are  Russia  and  California;  it  is  nearly 
always  found  with  either  platinum  or  gold,  is  extracted  from  those 
ores  as  a  by-product,  and  is  always  found  in  small  grains  or  fine 
powder,  the  largest  pieces  being  about  the  size  of  a  grain  of  rice. 
In  nature  it  is  generally  alloyed  with  other  metals,  and  the  two 
metals  with  which  it  is  most  commonly  alloyed  are  platinum  and 
osmium;  the  platinum  alloy  is  called  platin-iridium, and  the  osmium 
alloy  osmiridium,  or  iridosmine.  The  grains  of  platin-iridium  are 
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sometimes  found  as  small  cubes  with  rounded  edges,  while  the  iri- 
dosmine  usually  exists  in  the  form  of  flat  irregular  grains  and  occa- 
sionally as  hexagonal  prisms.  The  supply  of  metal  which  is  derived 
from  Russia  is  generally  obtained  from  the  platinum  mines  which 
are  situated  in  the  Ural  Mountains;  wliiie  in  California  it  is  found 
principally  in  the  placer  gold-washings.  The  ores  of  iridium  are 
a  source  of  great  annoyance  when  mixed  with  gold-dust  on  account 
of  its  specific  gravity,  which  is  about  19.3,  being  nearly  the  same  as 
tiiat  of  gold.  Consequently,  it  is  impossible  to  separate  the  gold 
from  the  iridium  by  the  process  of  washing ;  the  separation  may, 
however,  be  made  either  by  the  amalgamation  of  the  gold  (as  neither 
iridium  nor  its  ores  combine  with  mercury),  or  by  dissolving  out  the 
gold  in  aqua  regia. 

In  the  mints  these  metals  are  frequently  separated  by  melting  the 
gold-dust  and  allowing  the  molten  mass  to  remain  in  the  crucible 
for  some  time,  during  which  the  iridium  slowly  settles  to  the  bottom, 
as  it  does  not  alloy  with  the  gold  under  such  circumstances.  The 
gold  is  then  poured  off  from  the  to[),  and  the  dregs  in  the  bottom  of 
the  crucible  are  found  to  contain  the  greater  quantity  of  the  iridium. 
The  gold  contained  in  the  dregs  is  then  dissolved  and  the  iridium 
remains  in  the  residue. 

In  Russia  it  is  contrary  to  the  law  to  possess  or  deal  in  iridium 
ore,  and,  consequently,  the  government  takes  possession  of  all  the 
ore  which  is  mined  or  extracted  from  the  platinum  ores  in  that 
country,  and  it  is  stored  in  the  vaults  of  the  Royal  Mint.  The 
reason  for  the  law  is,  that  some  years  ago  the  Russian  government 
found  that  speculators  in  gold-dust  would  sometimes  add  iridium  to 
it  (which  often  escaped  dete(!tion  by  the  officials  of  the  mint),  for  the 
purpose  of  increasing  its  weight.  On  attemj)ting  to  work  this  gold 
they  found  the  fine  particles  of  iridium  distributed  througii  the 
ingots;  on  rolling  the  ingots  into  sheets,  these  individual  grains  or 
particles  produced  indentations  in  their  steel  rolls;  and  in  striking 
out  the  coins  the  dies  were  marred  and  defaced,  thus  causing  con- 
siderable loss  to  the  government.  In  order  to  prevent  this  species 
of  fraud,  the  government  passed  a  law  prohibiting  persons  from 
handling  the  metal  in  any  way  and  compelling  its  immediate  sur- 
render. 

For  a  number  of  years  experimenters  have  endeavored  to  melt  the 
iridosmine  or  iridium  in  order  to  utilize  it  in  the  arts  for  such  pur- 
poses as  could  with  advantage  emi)loy  a  metal  of  its  wonderful  prop- 
erties; but  until  lately  success  has  been  only  partial. 
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I  may  hero  briefly  deseribe  tlie  jM-operties  of  the  metal  itself. 
Iridium  possesses  a  white  lustre,  resembliuii;  tliat  of  steel ;  its  hard- 
ness is  about  equal  to  that  of  the  ruby  ;  in  the  eolil  it  is  quite  brittle, 
but  at  a  white  heat  it  is  souiewhat  malleable.  It  is  oue  of  the 
heaviest  of  metals,  having  a  speeitie  gravity  of  22.38.  When  iieated 
in  the  air  to  a  red  heat  the  metal  is  very  slowly  oxidized  ;  but  upon 
raising  the  temperature  to  about  1000  C,  it  parts  with  its  oxygen, 
and  heuee  at  a  high  heat  (above  1000  C),  it  is  not  oxidized.  It  is 
insoluble  in  all  single  acids,  but  is  very  slightly  soluble  in  aqua  regia 
after  being  heated  in  the  state  of  fine  powder  for  many  hours.  In  a 
massive  state,  however,  aqua  regia  does  not  attack  it. 

In  attempting  to  fuse  iridium  heretofore,  it  has  been  found  by  ex- 
'perimeuters  that  the  best  results  that  could  be  obtained  were  by  means 
of  the  oxy-hydrogen  or  electric  furnaces,  but  that  with  either  of 
these  means  of  fusion  they  could  only  work  a  very  small  quantity 
of  the  metal  at  a  time,  and  obtain  a  globule  of  very  small  size. 
Previous  to  the  present  time  iridium  has  had  substantially  but  one 
use  (with  the  exception  of  alloying  w'ith  platinum),  viz.,  for  pointing 
gold  pens.  The  iridium  point  is  commonly  called  "diamond  point" 
upon  a  gold  pen,  and  it  consists  simpl^-^of  a  small  grain  of  iridosmine 
which  has  been  selected  for  the  purpose,  and  soldered  to  the  tip  of 
the  j)en.  These  points  are  selected  by  first  removing  from  the  ore, 
by  means  of  a  magnet,  the  magnetic  oxide  of  iron  which  always 
accompanies  it,  and  then  dissolving  out,  by  means  of  acids,  the  other 
impurities  which  may  be  present;  the  ore  is  then  washed  with  water, 
dried  and  sifted  in  onler  to  remove  the  fine  dust,  and  the  sifted  ore 
is  then  ready  for  the  selection  of  points.  This  is  done  by  an  ope- 
rator, who  rolls  the  grains  of  iridium  around  with  a  needle  point, 
examining  them  under  a  magnifying  glass,  and  selecting  those  which 
are  solid,  conijnict,  and  of  the  proper  size  and  shape.  These  points 
are  usually  selected  in  three  grades,  small,  medium,  and  lai'ge,  de- 
pending upon  the  size  of  the  pen  for  which  they  are  intended  to  be 
used.  The  grain  of  iridium  having  been  soldered  on  to  the  end  of 
the  pen,  it  is  sawed  in  two  (which  makes  the  two  nibs  of  the  pen), 
and  ground  up  in  the  proper  shape. 

About  four  years  ago  ]Mr.  John  Holland,  the  well-known  gold  pen 
manufacturer,  found  it  necessary  to  have  pieces  of  iridium  larger 
than  those  generally  found  in  nature  for  the  purpose  of  making 
points  for  the  Mackinnon  stylographic  pen.  After  many  experi- 
ments he  found  that  by  heating  the  ore  in  a  Hessian  crucible  to  a 
white  heat  and  adding  to  it  phosphorus,  and  continuing  the  heating 
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for  a  few  minutes,  he  could  obtain  a  perfect  fusion  of  the  metal, 
which  could  be  poured  out  and  cast  into  almost  any  desired  shape. 
This  material  was  found  on  physical  examination  to  be  about  as  hard 
as  the  natural  grains  of  iridium  ;  and  in  fact  seemed  to  have  all  the 
properties  of  the  metal  itself.  On  chemical  analysis  it  was  found 
that  the  metal  fused  with  phosphorus  contained,  according  to  two 
determinations,  7.52  per  cent,  and  7.74  per  cent,  of  phosphorus.  At 
this  stage  of  the  discovery  we  became  acquainted  with  it,  and  began 
"experiments  with  the  intention  of  putting  the  product  to  some  prac- 
tical use  in  the  arts.  It  was  found  that  tlie  presence  of  phosphorus 
rendered  the  metal  quite  readily  fusible  at  a  white  heat,  but  this,  of 
course,  was  an  obstacle  in  the  way  of  its  use  for  electrical  purposes. 
Desiring,  therefore,  to  remove  the  phosphorus,  we  found  by  experi- 
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menting  that  by  heating  the  metal  in  a  bed  of  lime  the  phosphorus 
could  be  completely  removed.  In  this  operation,  the  metal  is  first 
heated  in  an  ordinary  furnace  at  a  white  heat,  and  finally,  after  no 
more  phosphorus  makes  its  appearance,  it  is  removed  and  placed  in 
an  electric  furnace  M-ith  a  lime  crucible  and  there  heated  until  the 
last  traces  of  phosphorus  are  removed  ;  the  metal  which  then  re- 
mains will  resist  as  much  heat  without  fusion  as  the  native  metal. 

In  mechanical  applications,  where  the  metal  is  not  subject  to  great 
heat,  it  is  melted  with  phosphorus  and  cast  into  the  shaj)e  desired, 
and  then  ground  or  worked  as  the  application  may  re(iuire.  The 
first  application  to  which  it  was  put  was  for  the  manufacture  of  the 
Mackinnon  pen-points.  For  this  purpose,  the  metal,  after  being 
fused,  is  removed  from  the  furnace  and  poured  between  two  slabs  of 
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iron,  which  are  kept  apart  the  desired  distance  so  as  to  make  a  sheet 
of  iridium  of  tiie  thickness  recpiired.  Tlie  metal  is  p(nired,as  I  liave 
said,  between  these  phites,  ami  the  plates  are  hrouoht  suddenly  to- 
gether, on  the  plan  of  a  closed  ingot  with  a  hinoe^  t;o  that  as  the 
metal  cools  it  is  subjected  to  pressure  which  closes  the  pores  and 
makes  a  very  compact  casting.  The  slabs  for  the  iNIackinnou  pen- 
points  are  about  one-thirty-second  of  an  inch  in  thickness,  and  are 
broken  up  into  small  irregular  pieces  which  are  soldered  on  a  strip 
of  brass  and  ground  down  to  a  flat  surface  by  means  of  a  copper- 
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lap.  The  cojiper-lap  (Fig.  1)  consists  of  a  plate  of  copper,  about 
one-half  inch  in  thickness  and  eight  inches  in  diameter,  fixed  on  a 
sjjindle  which  is  made  to  revolve  from  eight  hundred  to  a  thousand 
revolutions  per  minute;  the  copper  of  which  the  lap  is  composed  is 
wrought  copper,  well  annealed,  and  consequently  very  soft.  In 
order  to  grind  with  it,  corundum  or  diamond-dust  is  mixed  with  oil 
and  apj)lied  to  the  flat  surface  of  the  lap  by  means  of  a  flat  steel 
instrument,  upon  which  pressure  is  a])plied  in  order  to  force  the 
corundum  or  diamond-dust  into  the  copper,  thereby  making  a  cutting 
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surface.  The  iridium  to  be  ground  is  held  against  this  sharp  surface 
of  the  lap,  and  the  coruudum  or  diamond-dust  gradually  cuts  the 
metal  away.  As  the  cutting  material  wears  from  the  copper-lap, 
another  application  of  the  corunduui  and  diamond-dust  is  made  by 
means  of  the  steel  instrument  as  described  ;  this  operation  is  con- 
tinued until  the  grinding  is  complete.  After  the  slabs  are  ground 
to  a  surface  they  are  then  drilled.  In  the  drilling  operation,  the 
iridium  is  first  countersunk  by  means  of  a  diamond  drill,  consisting 
of  an  upright  spindle  suitably  fixed  in  a  frame  so  as  to  revolve  freely; 
the  bottom  of  the  spindle  holds  a  small  rod  of  brass,  to  the  lower 
end  of  which  is  set  a  white  diamond-splint.  This  drill  is  made  to 
revolve  about  nine  hundred  revolutions  per  minute.  The  iridium 
is  held  up  against  the  diamond  with  a  light  pressure,  and   the  dia- 


mond gradually  makes  a  conical  hole  or  countersink.  After  counter- 
sinking the  iridium,  it  is  finally  pierced  by  means  of  a  copper  drill 
(Fig.  2),  which  consists  of  a  piece  of  soft  copper  wire,  which  is  filed 
down  to  a  point  and  set  in  a  drill  similar  to  that  in  which  the  dia- 
mond is  placed,  but  this  drill  makes  about  thirty-five  hundred  revo- 
lutions per  minute.  Corundum  or  diamond-dust  and  oil  is  put  into 
the  couutersiidi  opening  in  the  iridium,  and  theu  it  is  held  up  against 
the  piece  of  revolving  coj)per.  The  diamond-dust  or  coruudum, 
imbedding  itself  in  the  copper,  acts  as  a  cutting  suriace,  and  finally 
accomplishes  the  drilling  of  the  hole.  The  holes  having  been  drilled 
in  the  pieces  of  iridium  which  were  soldered  to  the  brass,  the  brass 
is  finally  dissolved  from  the  iridium  by  means  of  nitric  acid  ;  and 
then  we  have  irregular-shaped  pieces  of  iridium,  pierced  with  holes. 
These  pieces  of  iridium  are  then  soldered  in  proper  position  to  the 
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end  of  the  Markimion  pen,  fittino;  into  the  openinix  of  which  thefe 
is  a  valve  oonsistinij  of  an  iri(liiun-{)()intetl  wire.  The  iridium  is 
then  sinnmd  to  the  proper  shaj^e  on  the  outside  by  means  of  a 
eopper-hip,  as  shown  in  Fitj.  3,  eonsistlng-  of  three  or  more  copper 
cylinder^,  on  a  common  spindle,  making  about  three  thousand  revo- 
lutions per  minute. 

The  ojicration  of  sawing  iridium  is  carried  on  by  means  of  a  coj)j)er 
disk  (Fig.  4),  from  four  to  eight  inches  in  diameter,  made  of  soft 
thin  sheet-copper,  lield  between  two  clamps,  placed  on  a  spindle  re- 
volving at  the  rate  of  about  twenty-five  hundred  revolutions  per 
minute.     This  sheet  of  coj)per  revolves  in  a  box   which   contains 


corundum  or  diamond-dust  and  cotton-seed  oil.  The  cotton-seed  oil 
with  the  cutting  material  adheres  to  the  periphery  of  the  saw,  and 
as  the  saw  comes  in  contact  with  a  piece  of  iridium  it  gradually  does 
the  work.  Cotton-seed  oil  is  preferred  fortius  purpose  to  any  other 
oil,  on  account  of  its  viscosity. 

I  may  mention  briefly  some  of  the  uses  to  which  iridium  has  been 
applied.  First,  I  will  refer  to  the  draw-plate  for  drawing  wire. 
There  are  at  present,  besides  the  iridium  draw-plate,  the  ordinary 
steel  plate  which  is  used  for  drawing  heavy  wire,  and  the  ruby  plate, 
which  is  used  in  drawing  gold  and  silver  wires,  where  it  is  desirable 
to  have  them  of  uniform  thickness.  The  iridium  plate  is  made 
somewhat  similar  to  the  ruby  plate,  consisting  of  a  piece  of  iridium 
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which  has  been  countersunk  and  drilled  in  the  usual  way  to  the  size 
of  the  hole  required,  and  set  in  a  brass  plate,  where  it  is  firmly  held 
by  a  bushing.  This  plate  is  now  coming  into  use,  and  is  rapidly 
taking  the  place  of  the  ruby  plate,  being  equal  to  the  ruby  in  hard- 
ness and  much  more  durable,  since  it  is  less  liable  to  break  or  chip 
by  rough  handling  or  heating. 

Iridium  knives  are  made  for  fine  scales  and  balances,  the  bearing 
edge  of  which  consists  of  iridium,  soldered  firndy  to  a  brass  body. 
These  are  rapidly  taking  the  {)lace  of  the  agate  for  fine  chemical 
balances,  and  there  seems  to  be  no  reason  why  they  should  not  have 
even  a  more  extended  use,  since  they  are  superior  to  the  agate  in 
that  they  take  a  finer  edge  and  thereby  make  a  more  delicate  bal- 
ance, and  are  not  so  liable  to  crack  or  break.  They  are  now  being 
used  altogether  by  Mr.  Henry  Troemner,  of  Phiiadel{)hia,  the  well- 
known  scale  manufacturer,  for  the  purpose  of  adjusting  his  weights 
for  all  of  his  scales. 

Hypodermic  needles  for  piiysicians'  and  surgeons'  use  are  now 
made  of  gold  and  tipped  with  iridium,  in  place  of  the  old  steel 
pointed  ones,  which  are  liable  to  rust  or  corrode  if  not  properly  taken 
care  of.  The  iridium  being  hard  will  take  a  good  edge,  and  is  not 
subject  to  corrosion,  as  is  steel. 

Styluses  for  manifold  writing  are  also  being  made  with  iridium 
points,  having  decided  advantages  over  either  steel  or  agate.  Iridium 
points  are  also  being  applied  to  surveyors'  and  engineers'  instru- 
ments, and  in  all  places,  in  fact,  where  hardness,  durability,  and 
non-corrosibility  are  required.  For  all  the  above  uses  the  iridium 
alloyed  by  iiision  with  phosjjhorus  is  employed. 

Some  years  ago  experiments  were  made  in  order  to  apply  this 
metal  to  tlie  electric  light.  We  found  that  an  iridium  electrode  used 
upon  the  negative  of  an  arc-light  would  keep  its  shape  and  resist 
the  heat,  provided  tiie  positive  carbon  which  was  used  with  it  was 
not  allowed  to  strike  or  fall  too  heavily  upon  the  iridium  negative. 
Since  the  metal  at  a  white  heat  becomes  malleable,  a  continual 
pounding  or  striking  would  gradually  beat  the  negative  out  of  shape. 
The  iridium  negatives  are  made  by  setting  a  piece  of  de-phosphorized 
iridium  in  the  end  of  a  brass  rod  about  six  inches  long  and  nine- 
sixteenths  of  an  inch  in  diameter.  The  length  of  the  iridium  is 
about  half  an  inch,  ground  conical  in  shape.  It  was  found  that  the 
brass,  being  only  half  an  inch  from  the  arc,  would  resist  the  action 
of  the  heat;  but  in  some  cases  where  the  lamp  flamed  the  brass  was 
liable  to  undergo  partial  fusion;  and  in  such  cases  it  was  found  de- 
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sirable  to  put  a  thiniMo  or  oajuif  jilatinum  over  the  end  of  the  brass 
and  just  bolow  tlie  iridium,  the  phitinuni  thiuible  being  about  half 
an  inch  louix- 

One  of  the  most  important  applications  of  iridium  which  has  yet 
beon  made  is  to  the  eleetrieal  contact-points  of  teleg-raphie  aj)paratus. 
These  contact-points  consist  of  j)ieees  of  copper  wire  tipped  with  irid- 
ium, which  are  set  in  the  instrument  just  as  platinum  points  are  set. 
These  contacts  will  outlive  many  platiiuim  contacts;  are  not  subject 
to  oxidation  or  sticking  as  are  the  platinum  ones;  and  all  that  is 
necessary  in  order  to  clean  them  when  they  become  dirty  is  to  pass 
over  their  surface  an  emery  file  or  a  piece  of  fine  emery-paper.  These 
contacts  have  been  thoroughly  tested  by  various  eminent  electricians 
and  also  by  long  continued  use,  and  the  advantages  herein  stated 
have  been  in  every  case  fully  demonstrated. 

In  the  past  three  years  we  have  been  experimenting  on  methods 
of  plating  with  iridium,  and  about  one  year  ago  we  succeeded  in 
obtaining  a  bright  regulinede[>osit  of  iridium  on  base  metals.  This 
deposit  resembles  the  natural  metal,  being  quite  hard  and  resisting 
the  action  of  acids.  There  were  many  difficulties  encountered  in 
acc<implishing  this  result,  on  account  of  the  power  of  the  metal  to 
resist  the  action  of  the  solutions ;  but  we  have  succeeded  in  obtaining 
a  solution  which  gradually  attacks  an  anode  of  iridium,  and  it  is 
hoped  in  a  short  time  that  all  the  minor  practical  difficulties  will  be 
overcome  in  the  plating  of  articles  on  a  commercial  scale.  So  far, 
we  have  been  thoroughly  testing  our  results,  and  do  not  feel  prepared 
to  place  our  work  before  the  public  until  it  is  perfect  in  all  its  details. 

Discussiox. 

Ja:mes  C.  Bayles,  New  York  City  :  I  would  like  to  ask  Mr. 
Dudley  how  the  anode  is  prepared  in  electro-plating  ;  whether  from 
iridium  in  grains,  or  in  the  fused  state. 

Mr.  Dudley:  We  use  iridium  which  has  been  fused  with  phos- 
phorus. It  contains  5  percent,  of  phosphorus,  which  does  no  dam- 
age. Of  course,  in  working  out  a  problem  of  this  nature,  it  takes 
several  years  to  ascertain  all  the  causes  of  disturbance  ;  but  we  have 
not  yet  attributed  any  trouble  to  the  phosj)horus  in  the  solution. 
We  have  made  many  experiments  with  alloys  of  iridium,  but  have 
practically  failed  to  get  an  anode  of  them  which  would  readily  dis- 
solve; but  we  find  that  the  anode  of  fused  iridium  gradually  dis- 
solves, and  yet  not  fast  enough  to   keep  the  solution  replenished, 
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without  the  achlltion,  now  and  then,  of  pome  of  the  ])nre  salt,  the 
amount  depending  upon  the  kind  of  sohition  employed.  The  same 
thing  is  necessary  in  silver-  and  in  nickel-plating.  Theoretically,  the 
anode  should  dissolve  and  keep  the  solution  up  to  the  proper  strength. 
In  practice,  that  is  never  the  case. 

Mr.  Bayles  :  How  is  the  solution  made  ? 

Mr.  Dudley:  This  solution  is  made  by  dissolving  the  iridium 
first  with  chlorine  and  sodium  chloride.  The  iridium  or  iridosmine 
is  mixed  with  common  salt,  jdaced  in  a  tube,  and  heated  to  redness. 
Chlorine  gas  is  then  allowed  to  flow  slowly  through  the  tube  for 
several  hours,  at  the  end  of  which  time  most  of  the  iridium  will 
have  combined  with  the  salt  and  chlorine  to  form  the  double  chlo- 
ride of  iridium  and  sodium,  which  rapidly  dissolves  in  water.  From 
this  solution  we  can  obtain  any  salt  of  iridium  wiiich  we  desire.  In 
plating  with  the  metal,  we  find  that  a  solution,  very  slightly  acidi- 
fied with  sulphuric  acid,  gives  the  best  results  practically,  although 
neutral  or  alkaline  solutions  work  very  well. 

A  Member  :  What  kind  of  solder  is  used  in  soldering  iridium 
to  other  metals? 

Mr.  Dudley:  Ordinary  silver-solder.  Soft  solder  will  solder  the 
metal  as  well,  but  we  seldom  use  it,  since  it  is  not  as  durable. 

Dr.  R.  W.  Raymond,  New  York  City :  I  would  ask  whether  it 
is  known  what  is  the  possible  supply  of  that  metal. 

Mr.  Dudley:  Well,  we  find  it,  like  a  good  many  other  metals, 
widely  distributed — in  Canada, and  many  parts  of  the  United  States, 
in  France,  and  a  great  many  European  countries,  and,  as  I  have 
said,  the  largest  supply  has  heretofore  been  in  Russia.  The  Russian 
government  are  very  arbitrary,  and  they  enfi)rce  their  laws  right  up 
to  the  mark,  and  generally  when  they  make  a  law,  they  make  it 
pretty  strong  to  start  with.  (Laughter.)  As  iridium  was  found 
principally  in  Russia,  we  sent  over  a  representative  to  see  what  could 
be  done  about  getting  our  supply  from  there.  He  went  to  the  United 
States  consul  at  St.  Petersburg,  and  was  informed  that  there  was  a 
law,  requiring  persons  who  had  any  iridium  in  their  possession,  to 
turn  it  over  immediately  to  the  authorities,  on  pain  of  being  exiled 
to  Siberia  for  life.  (Laughter.)  The  result  was  that  in  a  short  time 
the  mint  had  stored  up  in  its  vaults  quite  a  supply  of  the  metal.  Our 
representative  went  to  the  consul,  who  telegraphed  to  the  platinum 
mines,  where  most  of  the  iridium  is  obtained,  but  received  no  answer. 
He  wrote  a  letter,  but  still  no  answer.  Telegraphed  again.  No 
answer.     He  finally  found  that  as  every  telegram  or  communication 
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was  liaUle  to  be  opened  and  read,  tliose  reeeiviniv  the  same  were 
afraid  to  have  anythini;  to  do  with  tlie  matter  fur  fear  of  g-oing  to 
Sil>eria.  The  result  was  that  he  eould  do  nothing.  But  there  are 
S(Mue  parties  in  Ilaniburg,  who  deal  in  the  ore,  and  we  get  most  of  it 
from  them.  It  is  said  that  they  get  it  from  the  mint  at  St.  Peters- 
burg. I  may  say,  also,  that  we  get  from  three  to  four  hundred 
ounees  aniuially  from  the  United  States  government.  We  do  not 
get  more  for  the  reason  that  the  mints  will  not  knowingly  buy  gold- 
dust  whieh  eontains  any  iridium.  Thev  examine  the  dust  very  care- 
fully, but,  in  spite  of  their  care,  they  get  a  little. 


THE  BENEFICIAL  FUND  OF  THE  LEHIGH  COAL  AND 
NAVIGATION  COMPANY. 

BY  JOSEPH  S.    nARRIS,  PHILADELPHIA,  PA. 

As  a  result  of  the  study  of  social  problems  to  which  so  much 
thought  has  been  given  in  this  country  and  Europe  in  the  last  half 
century,  many  employers  of  labor  have  come  to  think  that  some  pro- 
vision should  be  made  for  their  workingmen  in  case  of  injury.  There 
has  been  a  growing  tendency  so  to  administer  the  laws  governing  in- 
dustrial pursuits  in  these  countries  as  to  add  self-interest  on  the  part 
of  capitalists,  to  the  plea  urged  by  humanity,  that  every  ])ossible 
care  should  be  taken  to  guard  the  workers  from  accident;  but  as  no 
care  can  guarantee  immunity,  there  is  a  necessity  to  supplement 
these  precautions  by  some  method  of  providing  pecuniary  aid  that 
shall  be  available  when  disabling  accidents  do  occur. 

It  was  once  a  fovorite  idea  of  theorists  on  political  economy,  that 
in  the  ideal  state  of  society  every  man  should  take  care  of  himself, 
and  that  the  less  care  or  control  there  was  assumed  by  any  man  over 
others'  ]>rivate  affairs,  the  better;  but  this  gospel  of  selfishness  has 
had  its  day,  and  it  is  now  generally  recognized  that  in  the  existing 
state  of  affairs  the  stronger  and  richer  cannot  escape  the  duty  of  being 
to  some  extent,  the  keepers  of  their  less  fortunate  brethren  ;  and,  on 
the  other  hand,  that  an  assumption  of  care  for  them  involving  to 
some  extent  an  exercise  of  authority,  is  not  a  thing  to  be  necessarily 
and  always  rc-isted.  Out  of  these  convictions,  many  efforts  for  the 
amelioration  of  the  condition  of  workingmen  have  grown — which 
or  one  result  have  produced  various  plans  which  combine  the  con- 
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tributions  of  employers  and  employed,  in  a  fund  from  which  relief 
for  injured  workmen  may  be  drawn, 

Tlie  officers  of  the  Lehigh  Coal  and  Navigation  Company  have 
j^iven  a  p;ood  deal  of  thouo-ht  to  the  formation  of  such  a  fund  for  the 
persons  em])loyed  about  their  mines,  and  have  made  use  of  the  ex- 
perience of  other  companies  so  far  as  it  could  be  had.  There  are 
two  cases  directly  in  point,  in  the  fund  established  by  the  Philadel- 
phia and  Reading  Coal  and  Iron  Company  in  1877,  which  is  still  in 
operation,  and  the  Employees'  Benefit  Fund  of  the  Wilkesbarre  Coal 
and  Iron  Company,  which  grew  out  of  the  Avondale  disaster  in  1869, 
and  which  continued  in  operation  till  1877,  when  the  pecuniary  and 
other  difficulties  of  the  time  led  to  its  abandonment.  The  scheme 
of  the  Philadelphia  and  Reading  Coal  and  Iron  Company,  as  set 
forth  in  the  original  circular  of  President  F.  B.  Gowen,  is  presented 
here,  followed  by  extracts  from  the  proceedings  of  the  Trustees  of 
the  Employees'  Benefit  Fund,  which,  though  placed  somewhat  out  of 
their  chronological  order,  represent  the  plan  fairly  enough.  Then 
follows  the  lately-issued  circular  of  the  Lehigh  Coal  and  Navigation 
Company,  with  some  remarks  which  a  study  of  the  subject  has  sug- 
gested to  the  writer. 

The  following  circular  shows  the  plan  of  the  Philadelphia  and 
Reading  Coal  and  Iron  Company  : 

To  the  Miners  and  Laborers  of  the  Philadelphia  and  Heading  Coal  and  Iron  Company: 

Tiie  Pliiladelpliia  and  Reading  Coal  and  Iron  Company  will  give  twenU'  thousand 
dollars  (S20,000)  as  an  endowment  of  a  beneficial  fund  for  insurance  against  accidents 
and  death  of  such  of  their  miners  and  laborers  as  may  desire  to  accept  its  benefits, 
by  complying  with  tlie  following  provisions: 

First.     Miners  and  inside  laborers  to  pay  to  the  fund  tliirty  cents  per  month. 

Second.     Outside  laborers  to  pay  twenty  cents  per  month. 

Tiiird.  Boys  and  old  men  to  pay  either  five  or  ten  cents  per  month,  as  may  be 
determined  by  the  proper  district  superintendents. 

All  payments  to  be  made  monthly  by  deductions  from  the  pay-roll ;  but  no  pay- 
ments to  be  made  in  any  month  in  which  the  person  paying  does  not  work,  and  in 
cases  where  not  more  than  one  week's  tiirie  is  made  in  any  month,  the  payments  for 
said  month  to  be  reduced  one-half. 

In  case  of  any  accidental  injury  sustained  by  a  contributor  when  actually  en- 
gaged in  the  employment  of  the  Company,  which  incapacitates  him  from  work, 
the  party  injured  shall  receive  during  the  period  of  such  incapacity  the  following 
sums: 

Those  who  have  paid  thirty  cents,  or  twenty  cents  per  month,  shall  receive  five 
dollars  per  week. 

Those  who  have  paid  ten  cents  per  month,  shall  receive  two  dollars  per  week. 

Those  who  have  paid  five  cents  per  month,  shall  receive  one  dollar  per  week. 

Provided,  that  no  payment  shall  be  made  for  a  longer  period  than  six  months, 


BENEFICIAL   FUND    OF    LEHIGU    COAL    AND    NAVIGATION    CO.       589 

and  tli;u  the  oertitic:ite  of  a  reputable  pliysioian  tliat  the  disability  is  the  result  of 
an  accidental  injury,  such  as  above  described,  shall  be  furnished  at  the  end  of  each 
month. 

In  case  of  death  directly  resulting  from  any  such  accidental  injury,  tiie  following 
sums  will  be  paid  :  On  account  of  those  who  have  contributed  thirty  or  twenty  cents 
per  month,  thirty  dollai-s  in  cash,  and  seven  dollars  per  week  for  one  year;  for  those 
who  have  eontributeil  ten  cents  per  month,  the  sum  of  thirty  dollars  in  cash  and  two 
dollars  and  eighty  cents  per  week  for  one  year;  and  for  those  who  have  contributed 
five  cents  per  month,  the  sum  of  thirty  dollare  in  cash  and  one  dollar  and  forty  cents 
per  week  for  one  year. 

Tiie  said  payments  of  thirty  dollars  to  be  made  within  one  month  after  the  death, 
atid  the  weekly  allowances  to  be  paid  moutlily  during  the  year,  and  in  all  cases  a 
certificate  of  the  coroner  or  a  reputable  physician  will  be  required  that  death  re- 
sulted directly  from  an  accidental  injury  sustained  as  aforesaid,  and  not  from  disease. 
It  l>eing  provided  that  in  case  of  death  the  payments  shall  be  made  exclusively  to 
snch  relative,  relatives,  or  heirs-at  law  of  the  deceased  as  are  first  named  in  the  fol- 
lowing list : 

First.  To  the  widow.  ^ 

Second.  To  the  children. 

Third.  To  the  parents. 

Fourth.  To  the  brothers  and  sisters. 

Fifth.  To  other  heii-s-at-law. 

In  no  case  shall  the  money  be  applicable  to  the  debts  of  the  deceased,  or  liable  to 
be  attached  by  his  creditors,  and  in  all  cases  the  decision  of  the  trustees,  either  as  to 
the  liability  of  the  fund  or  as  to  the  proper  recipient  of  its  bounty,  sliall  be  final  and 
conclusive  upon  all  parties. 

Those  of  the  employees  of  the  Company  desiring  to  avail  themselves  of  the  benefits 
of  this  beneficial  fund,  must  signify  their  wish  by  signing  a  book,  to  be  provided  for 
that  purp<ise,  at  the  office  of  each  colliery  and  iron-ore  mine  of  the  Company.  Each 
will  be  left  free  to  contribute  or  not,  as  he  may  desire,  but  in  no  event  will  any  money 
be  paid  out  of  the  fimd  to  any  other  than  a  contributor. 

The  twenty  thousand  dollars  endowment  and  all  moneys  received  from  contribu- 
tors will  be  placed  in  the  charge  of  Hon.  Cyrus  L.  Pershing,  President  Judge  of 
Schuylkill  County,  C.  H.  Tyson,  President  of  the  Safe  Deposit  Bunk  of  Pottsville, 
and  Franklin  B.  Gowen,  President  of  The  Philadelphia  and  Reading  Coal  and  Iron 
Company,  as  trustees,  who  will  make  a  public  yearly  statement  of  the  receipts  and 
expenditures ;  and  any  vacancy  in  the  Board  of  Trustees  will  be  filled  by  an  appoint- 
ment to  be  made  by  the  President  for  the  time  being,  of  The  Philadelphia  and  Read- 
ing Coal  and  Iron  Company. 

All  clerical  expenses  connected  with  the  collection  and  jiaynient  of  money  on  ac- 
count of  the  fund  will  be  borne  by  the  Company. 

Franklin  B.  Gowen, 
Philadelphia,  March  17tli,  1877.  President. 


The  following  i.s  the  plan  of  the  Wilke.sbarre  Coul  and  Iron  Com- 
pany : 

At  an  adjourned  meeting  of  the  Trustees  of  the  Relief  Fund  of  the  Wilkesbarre 
Coal  and  Iron  Company,  held  in  Baur's  Hall  on  Wednesday  evening,  August  2lst, 
1872,  the  following  order  was  issued  to  the  employees  of  the  several  works  of  the 
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Wilkesbarre  Coal  and  Iron  Company,  viz.:  Tliat  the  employees  of  each  division  of 
said  Company  are  hereby  notified  to  appoint  or  elect  some  responsible  ))erson  to  act 
as  Trustee  until  the  first  of  January,  1873.  Their  successors  to  be  elected  in  the 
first  week  of  January  and  July  in  each  year.  The  following  rules  were  adopted  for 
the  government  of  the  fund  for  the  ensuing  year: 

First — Tiiat  there  shall  be  chosen  one  man  from  each  division  of  the  Company 
to  act  as  Trustee,  to  act  in  conjunction  witli  the  foreman  of  his  division,  wliose  term 
of  service  shall  be  six  months,  or  until  his  successor  be  elected.  Second— The  duty 
of  Trustee  jhall  be,  that  whenever  an  accident  occurs  in  any  of  their  respective  di- 
visions, they  shall,  in  two  days  afterwards,  report  the  same  at  the  office  of  the  Com- 
pany, on  blanks  signed  by  the  Trustee  and  foreman,  at  tlie  same  time  giving  the 
date  and  nature  of  such  accident;  and  when  tlie  person  or  persons  so  injured  shall 
again  resume  work,  they  sliail  report  accordingly  to  the  office  of  the  Company, 
wliere  an  order  will  be  immediately  drawn  by  the  clerk  for  tiie  amount  legally  due  ; 
and  in  no  case  whatever,  shall  money  be  paid  unless  the  above  rules  are  complied 
with.  Therefore,  it  is  to  be  hoped  that  all  the  employees  will  take  an  individual 
interest  in  directing  the  management  of  this  fund,  and  care  should  l)e  taken  in  the 
selection  of  Trustees,  as  it  reipiires  a  person  to  be  attentive  and  punctual  on  all  oc- 
casions. 

Tliird — Any  person  or  persons  in  the  employ  of  the  Wilkesbarre  Coal  and  Iron 
Company  for  the  space  of  one  montii,  who  has  not  previously  contributed  to  the 
Benefit  Fund,  sliall  so  contribute  one  day's  labor  before  he  shall  be  entitled  to  its 
benefits,  which  shall  be  as  follows  : 

Fifty  Dollars  ($50)  to  be  paitl  for  funeral  expenses  in  case  of  accidental  death, 
and  |3  per  week  for  the  term  of  one  year  to  the  widow  of  such  person  killed,  pro- 
vided she  remains  unmarried  during  that  length  of  time. 

One  Dollar  [$l)  per  week  for  the  term  of  one  year  to  each  orphan  child  under 
twelve  years  of  age,  unless  otherwise  cared  for. 

Six  Dollars  (|6)  per  week,  during  his  disability  to  work,  to  each  man  injured  in 
or  about  the  mines. 

Three  Dollars  (■'?3)  per  week,  during  his  disability  to  work,  to  each  boy  under 
sixteen  years  of  age,  injured  in  or  about  the  mines. 

The  following  is  the  plan  adopted  by  the  Lehigh  Coal  and  Navi- 
gation Company : 

Rules  for  Establishing  and  Administering  the  Beneficial  Fund  of 
the  Lehigh  Coal  and  Navigation  Company. 

Tliis  fund  sluill  be  created  and  maintained  by  the  following  contributions,  to  be 
made  monthly  : 

Tlie  Lehigii  Coal  and  Navigation  Company  will  pay  into  it  one  cent  for  every 
ton  of  coal  produced  at  its  mines.  The  inside  workingmen  employed  on  its  prop- 
erty will  pay  into  it  one  per  cent,  of  tlieir  earnings,  and  tiie  outside  workingmen 
will  pay  into  it  one-half  of  one  per  cent,  of  tiieir  earnings,  but  no  one  siiali  pay  more 
than  one  dollar  in  any  one  month. 

All  contributing  workingmen  who  may  be  accidentally  injured  when  actually  en- 
gaged in  the  service  of  the  Company,  shall  be  entitled  to  the  following  benefits,  to 
be  paid  out  of  the  fund  : 

In  case  of  accident  so  received,  which  shall  cause  disability  lasting  ujore  llian  one 
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week,  the  person  injnreii  slmll  receive  a  sum  equal  to  one-half  tlie  weekly  wages  of 
the  class  of  workmen  to  which  he  helontjed,  for  each  week  of  snch  disability,  bnt  no 
one  so  injnreii  shall  receive  from  this  I'nnd  sncii  benefits  for  a  longer  iieriod  tiian  six 
months  lor  any  one  acciilent. 

In  case  of  accident  so  receivetl,  which  sliall  resnlt  in  death,  thirty  dollars  will  be 
paid  l\>r  fnneral  ex{»enses,  and  a  sum  equal  to  one-half  the  weekly  wages,  as  in  the 
cjise  of  injnry,  will  be  paid  to  the  legal  heirs  of  the  deceased,  for  one  year  from  the 
date  of  the  acvident. 

These  benefits  will  be  paid  only  on  the  statement  of  the  proper  foreman  that  the 
injnry  was  received  in  the  service  of  the  Company,  and  on  a  certificate  from  the 
physician  to  the  fund,  in  easeof  accident,  that  the  accident  was  a  disabling  one,  and 
in  the  case  of  death,  that  the  death  resulted  from  accident,  and  not  from  disease. 
In  case  of  accident,  the  certificate  of  disability  must  be  renewed  every  two  weeks. 

All  moneys  which  shall  be  paid  into  this  fund  sliall  be  placed  in  charge  of  a 
Boanl  of  Trustees,  to  be  appointed,  from  time  to  time,  by  the  President  of  tiie  Lehigh 
Coal  and  Navigation  Com|)any,  and  to  be  chosen  by  him  partly  from  the  officers  of 
the  Company  and  partly  fix)m  the  business  men  of  experience  and  of  good  reputation 
in  or  near  the  mining  region.  A  report  of  the  receipts  and  expenditures  of  this 
fund  shall  be  published  by  the  Board  of  Trustees  at  least  once  a  year.  The  first 
Board  of  Trustees  to  be  so  appointed  will  be  Mr.  George  Ruddle,  of  Mauch  Chunk, 
Hon.  Michael  Cassidy,  of  Nesquehoning,  and  Mr.  Daniel  Shepp,  of  Taraacpia.  They 
shall  receive  no  renunieration  for  their  services. 

The  Physician  to  the  fund  shall  be  appointed,  from  time  to  time,  by  the  President 
of  the  Lehigh  Coal  and  Navigation  Con\pany  from  the  practicing  physicians  in  the 
region.  The  Physician  to  the  fund  for  the  present  will  be  Dr.  Edward  II.  Kistler, 
of  Summit  Hill.  He  will  make  no  charge  to  the  contributors  for  the  necessary 
certificates,  bnt  if  the  contributors  desire  medical  attendance  they  must  themselves 
pay  snch  physicians  as  they  may  select  to  attend  them. 

Any  workingman  not  desiring  to  contribute  to  this  fund  nor  to  share  in  its  bene- 
fits, can,  after  any  monthly  pay-day,  receive  from  the  Lansford  Office  tlie  sura  de- 
ducted for  the  fund  from  his  last  month's  pay.  but  his  name  will  not  be  again  enrolled 
among  tlie  contributors,  nor  will  he  be  entitled  to  any  benefit  from  the  fund  until 
after  he  shall  have  made  another  payment. 

The  fund  thus  establislied,  is  believed  to  be  ample  to  meet  all  claims  arising  from 
accidents  to  the  contributors,  and  if,  as  is  hoped,  there  shall  be  more  than  is  required 
under  this  plan,  the  benefits  will  be  increased  as,  from  time  to  time,  the  Trustees 
may  think  prudent. 

The  Lehigh  Coal  and  Navigation  Company  in  making  this  contribution  and  es- 
tablishing tliis  fund  desires  to  relieve  the  suffering  which  accidents  cause  among  its 
workingnien,  and  to  render  unnecessary  the  collections  which  make  a  heavy  tax  on 
the  benevolent,  and  also,  to  promote  the  growth  of  the  kindly  feeling  which  now 
exists  between  the  Company  and  the  men  engaged  in  its  service. 

The  operations  of  this  fund  will  commence  January  18th,  1884. 

By  order  of  the  Board  of  Managers. 

J.  S.  Harris, 

President. 

OflSce  of  The  Lehigh  Coal  and  Navigation  Company, 

Philadelphia,  Pa.,  January  15th,  1884. 

The  first  two  plans  have  had  the  advantage  of  successful  practical 
ojx;ration  for  several  years,  and  the  third  is  in  its  infancy ;  but  it  is 
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thought  that  in  some  resi)ects,  M'hich  will  be  indicated  below,  it  is 
.an  im])roveiiient  on  the  others.  In  the  remarks  which  follow,  no 
explicit  reference  will  be  made  to  either  of  the  two  earlier  plans,  tlie 
features  criticised  being  in  some  cases  common  to  the  two,  and  in 
other  eases  peculiar  to  one  of  them. 

1.  Any  plan  which  adopts  only  two  or  three  rates  of  contribution 
is  objectionable,  because  it  bears  unequally  upon  the  earnings  of  the 
contributors,  making  a  comparatively  heavy  tax  on  those  in  each 
class  whose  rate  of  pay  is  least,  or  whose  earnings  through  inter- 
rupted employment  may  be  lowest ;  and  too  light  a  tax  on  those  who 
are  better  paid  or  more  regularly  employed. 

2.  Similarly,  there  is  an  objection  to  having  but  two  or  three  rates 
of  benefits,  as  this  will  give  to  the  laborer  whose  average  compen- 
sation is  low  for  liis  class,  nearly  or  quite  as  large  an  income  when 

"disabled,  as  when  he  is  at  work;  making  the  temptation  great  for 
him  to  jnit  himself  in  the  way  of  receiving  slight  disabling  injuries; 
and  ex])erience  has  shown  that  the  less  worthy  class  of  workmen  do 
not  always  resist  this  tem[)tation. 

In  the  third  plan  an  attempt  has  been  made  to  escape  these  two 
evils  l)y  fixing  each  person's  contribution  as  a  definite  percentage  of 
his  monthly  earnings,  and  his  benefit  in  case  of  injury  at  a  percentage 
of  what  a  man  employed  at  labor  similar  to  his,  can  ordinarily  earn. 

If  this  percentage  of  benefit  be  one-half  of  the  earnings  of  his 
class,  this  j)lan  does  not  remove  the  temptation  above  mentioned 
in  case  there  is  half-time  work,  but  the  evil  is  less  than  under  the 
other  ))lnns. 

3.  Where  a  barely  sufficient  sum  of  money  to  pay  accruing  bene- 
fits is  })rovided,  whether  by  the  emj)l()yer  virtually  agreeing  to  make 
up  deficiencies,  or  by  contributions  being  levied  on  both  parties 
whenever  the  fund  is  exhausted,  it  results  in  the  first  ease,  as 
the  extra  payment  comes  out  of  the  employer's  pocket,  that  how- 
ever wasteful  the  administration  of  the  fund  is,  the  employee  is  none 
the  poorer;  and  however  carefully  it  may  be  administered,  there  is 
no  accumulation  in  the  fund,  so  that  there  is  no  incentive  to  save, 
and  no  further  benefit  to  hope  for;  and  in  the  second  case  there  is 
the  additional  danger  that  the  exhaustion  of  the  fund  may  occur  at 
a  time  when,  from  inability  or  from  dissatisfaction,  either  or  both 
parties  may  decline  to  make  the  comparatively  large  contribution  of 
one  day's  product  of  coal  or  labor. 

In   the   third  plan   the  contributions  are  small  and  frequent^  so 
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that  neither  party  is  likely  to  feel  them  much  ;  and  yet  a  careful 
investigation  leads  to  the  belief  that  they  will  furnish  a  fund  which 
will  be  so  much  more  than  will  be  required  to  pay  the  stipulated 
sums,  that  the  benefits  can  be  increased  as  the  fund  accumulates. 
As  this  fund  inures  wholly  to  the  benefit  of  the  workingmen,  they 
will  have  some  motive  to  prevent  the  improper  depletion  of  what  is 
to  be  a  resource  for  themselves  in  case  of  injury. 

4.  Where  benefits  are  to  be  paid  upon  the  certificate  of  any  repu- 
table physician,  it  will  happen  that  in  order  to  preserve  the  custom 
of  a  family  and  its  friends,  some  of  the  less  respectable  of  the  profes- 
sion will  unduly  favor  the  applicant  for  benefits;  and  the  drawing 
of  the  line  between  physicians  who  are,  and  who  are  not,  reputable, 
would  be  a  very  ungracious  task. 

Xor  does  the  making  the  application  pass  before  a  board  of  work- 
men materially  mend  matters,  or  give  the  fund  satisfac^tory  protec- 
tion ;  for  a  feeling  of  good-fellowship,  a  desire  to  avoid  offence,  and  a 
thought  that  a  committeeman's  turn  to  be  injured  may  come  next 
will  ordinarily  lead  to  a  decision  in  favor  of  the  ap[)licant.  On 
the  other  liand,  where  the  decision  of  such  a  board  is  adverse,  it 
arouses  much  more  feeling  than  if  the  rejection  had  come  from  an- 
other source  than  the  man's  fellow-workmen. 

In  the  third  case  it  was  practicable,  on  account  of  the  compactness 
of  the  territory  over  which  the  operations  of  the  plan  will  extend,  to 
appoint  the  best  and  most  respected  physician  of  the  region  as  arbiter 
between  the  fund  and  its  beneficiaries. 

5.  To  take  contributions  from  no  man  without  his  written  authority, 
has  much  to  recommend  it ;  and  among  men  accustomed  to  act  intel- 
ligently as  to  their  own  affairs  this  would  be  the  only  true  course. 
To  take  them  without  provision  for  refunding  in  case  of  dissatisfac- 
tion is  certainly  an  arbitrary  exercise  of  authority.  The  first  course 
requires  a  long  time  to  bring  into  successful  operation,  and  always 
excludes  a  considerable  percentage  of  the  workmen  ;  the  second  plan 
of  course  creates  a  certain  amount  of  discontent. 

The  third  plan  adopts  the  middle  course  of  including  everybody 
in  the  contribution,  but  in  case  of  dissatisfaction,  allowing  every  man 
to  withdraw  his  contribution  if  he  is  not  entirely  satisfied  after  having 
the  plan  explained  to  him. 

Tabular  statements  embodying  the  experience  of  the  Philadelphia 
and  Reading  Coal  and  Iron  Company  are  presented  herewith.  They 
have  been  of  great  use  in  deciding  what  assessment  should  be  made, 
VOL.  XII.— 38 


594      BENEFICIAL    FUND  OF    LEHIGH    COAL    AND    NAVIGATION    CO. 

and  what  benefits  could  be  paid,  and  will  well  repay  careful  study. 
A  full  discussion  of  the  information  to  be  derived  from  these  tables, 
would  unduly  prolong  this  paper,  but  it  may  be  of  interest  to  show 
in  what  way  the  information  used  in  determining  the  sum  that 
would  be  needed  to  carry  out  the  provisions  of  the  third  plan,  was 
obtained  from  them.  Inspection  of  the  tables  shows  that  for  mines 
situated  like  those  whose  experience  is  tabulated,  we  may  expect 
1.13  fatal,  and  56.6  disabling  accidents  for  each  100,000  tons  of  coal 
mined;  and  3.26  fatal,  and  163.5  disabling  accidents  for  each  1000 
workmen  employed  ;  and  further  that  the  fatal  accidents  will  call 
for  benefits  to  the  amount  of  $191.32  each,  while  the  average  cost  of 
disabling  accidents  will  be  $15.57. 

Now,  in  the  year  from  November  30th,  1882,  to  November  30th, 
1883,  the  mines  of  the  Lehigh  Coal  and  Navigation  Comj>any  pro- 
duced 927,000  tons  of  coal,  and  the  pay  rolls  for  that  time  aggregated 
$1,264,906;  by  the  Reading  experience  we  should  expect: 

Fatal  accidents  10.49,  costing, $2006  95 

And  disabling  accidents  524.7,  costing,       ....       81tJ9  58 


Requiring  a  total  benefit  payment  of,         ...         .  $10,176  53 

An  investigation  made  some  years  ago  showed  that,  of  the  wages 
paid  by  the  Lehigh  Coal  and  Navigation  Company,  55  per  cent, 
was  paid  to  inside  workmen,  and  45  per  cent,  to  outside  workmen, 
the  unusually  large  proportion  of  the  latter  arising  from  the  fact  that 
it  includes  men  employed  in  the  machine-shops,  in  the  screen-build- 
ing, in  transportation,  and  in  other  ways  not  usually  so  closely  asso- 
ciated with  coal-raining.  Dividing  the  year's  pay-rolls  in  this  pro- 
portion, and  taxing  the  inside  workmen  one  per  cent.,  and  the  out- 
side workmen  one-half  of  one  per  cent,  of  their  wages,  we  have: 

Inside  men,  $695,698,30  0  1  per  cent. $6956  98 

Outside  men,  $569,207,70  @  J  per  cent.,  .         .         .         2846  04 

Company's  contribution,  927,000  tons  @  1  cent  per  ton  .         9270  00 


Total  fund  available  for  benefits, $19,073  02 

Let  us  also  examine  the  experience  of  the  Lehigh  and  Wilkesbarre 
Coal  Company,  who  from  1874  to  lh77,  worked  the  mines  of  the 
Lehigh  Coal  and  Navigation  Company,  and  whose  experience  there- 
fore is  valuable,  though  we  have  not  so  much  detail  recorded  as  is 
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given  by  the  Reading  Company.     In   1876,  under  a  system  winch 
made  all  workmen  contributors,  there  was  paid  : 

For  fatal  aooiiients, $1282  83 

And  for  disabling  accidents, 8491  50 

Total ?9774  33 

The  number  of  each  kind  of  accidents  not  being  recorded. 

In  that  year  the  mines  produced  606,773  tons  of  coal,  so  that  the 

Fatal  accidents  cost  per  100,000  tons,  .         .         .         .     $  211  42 

And  dis:il)ling  accidents  cost  per  100,000  tons,  .         .        .       1399  45 

Making  the  total  cost  per  100,000  tons,      ....    $1610  87 
So  that  for  927,000  tons  the  total  cost  would  have  been,      .     $14,932  76 

A  result  47  per  cent,  greater  than  that  found  from  the  Reading 
experience,  owing  mainly  to  the  fact  that  their  rate  of  benefits  was 
considerably  higher  than  that  of  the  Reading  Company.  Judging 
from  the  experience  of  either  Company,  the  plan  proposed  by  the 
Lehigh  Coal  and  Navigation  Company  should  raise  money  enough 
to  show  a  handsome  surplus  of  earnings,  to  be  distributed  hereafter 
in  increased  benefits. 

This  paper  is  offered  as  a  contribution  to  a  subject  which  is  begin- 
ning to  attract  attention  in  this  country,  and  on  which  it  seems  de- 
sirable to  get  all  the  light  that  can  be  derived  from  our  limited  ex- 
perience. 
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Tables  Showing  the  Experience  of  the  Reading  Co.'s  Beneficial  Fund. 


Year. 

1877 
1878 
1879 
1880 
1881 
1882 
1883 

ft 

s 

13 
o 

Contribu- 
tors. 

Tonnage 
shipped. 

Disabling 
accidents. 

Fatal  accidents. 

Serious  acci- 
dents. 

No.  'P-'^-of 
]  men. 

Total. 

Per 
man. 

No. 

Per 

1000 
cont. 

No. 

Per 
1000 
men. 

Per 
100,000 
tons. 

No. 

Per 
1000 
men. 

Per 
100,000 
tons. 

11,428 
10,630 
12,601 
13,093 
13,509 
13,705 
16,345 

2,290 
7,033 
7,121 
7,436 
8,471 
8,.'i48 
10,748 

20 
66 
56 
57 
67 
62 
66 

3,794,.529 
2,727,008 
4,209,929 
3,460,464 
3,937,608 
4,111,830 
4,582,667 

832 

257 
337 
264 
291 
300 
280 

119 
651 
1323 
1171 
1437 
1620 
1867 

52.0 
92.6 
185.8 
157.5 
169.6 
189.5 
173.7 

45 
44 
52 
43 
33 
43 
46 

3.94 
4.14 
4.11 
3.28 
2.44 
3.14 
2.81 

1.19 
1.61 
1.22 
1.24 
0.84 
1.05 
1.00 

185 
217 
238 
198 
236 
191 
195 

16.19 
20.41 
18.80 
15.12 
17.47 
13.94 
11.93 

4.87 
7.96 
5.57 
5.72 
5.99 
4.65 
4.26 

Totals 
and 

means. 

79,943 

49,357      62 

23,090,106 

289 

8069 

163.5 

261 

3.26 

1.13 

1275 

15.95 

5.52 

The  results  for  1877  are  tabulated  here,  but  are  not  considered  in 
making  up  totals  and  means,  as  only  part  of  the  year  is  included  in 
the  returns.  "Men"  is  used  for  "employees"  above  only  because 
it  is  shorter.  It  includes  "  boys."  The  cc^itributors  averaged  61.74 
per  cent,  of  the  total  employees.  On  this  basis  there  would  have 
been  for  the  whole  number  of  employees  13,069  di.*abling  accidents, 
or  56.6  per  100,000  tons  of  coal  mined,  assuming  (which  is  not  nec- 
essarily true)  that  the  contributors'  risks  were  a  fair  average  of  those 
of  the  whole  number  of  employees. 


Year. 

Men's  contributions. 

Total  benefits. 

-■"  a 
a  o 

QJTJ 

la 
Is 

Fatal  accidents. 

Disabling  accidents. 

No.  of 
cont. 

Amount. 

Per 
cap. 

Amount. 

Per 
cap. 

No. 

Amount 
benefits. 

Per 

capita. 

No. 

Amount 
benefits. 

Per 
cap. 

1877 
1878 
1879 
1880 
1881 
1882 
1883 

2,290 
7,033 
7,121 
7,436 

8,471 
8,548 
10,748 

$  2,050.95 
10,738.75 
18,295.85 
21,728.85 
23,194.04 
25,074.09 
29,232.45 

$0.90 
1.53 
2.57 
2.92 
2.74 
2.93 
2.72 

«  1,802.21 
18,898.89 
32,781.32 
32,784.14 
34,915.46 
37,540.17 
37,578.08 

$0.78 
2.69 
4.60 
4.41 
4.12 
4.39 
3.50 

1.14 

.57 
.56 
.66 
.67 
.67 
.78 

.66 

3 

29 
68 
75 
62 
62 
64 

$     308.16 
6,886.46 
11,891.90 
13,909.78 
11,375.20 
12,.571.29 
12,241.34 

$102.72 
237.46 
174.88 
185.46 
183.47 
202.76 
191.27 

119 
651 
1323 
1171 
1437 
1620 
1867 

$  1,494.05 
12,012.43 
20,889.42 
18,874.36 
23,540.26 
24,968.88 
25,337.34 

$12.55 
18.45 
15.79 
16.12 
16.38 
15.41 
13.57 

Totals 

ana 
means. 

49,357 

128,264.93 

2.59  ,194,498.66 

3.94 

360 

68,875.97 

191.32 

8069 

125,622.69 

15.57 
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Fatal  aooidents  took  35.4  per  cent,  of  the  benefit  payments,  dis- 
abling aocitlents  04. 6  per  cent. 

The  results  tor  1877  are  not  ineluded  in  "  Totals"  and  '^ Means." 


Discussion. 

F.  Z.  ScH  ELLEN  BERG,  Superintendent  of  the  Westmoreland  Coal 
Company,  Irwin  Station,  Westmoreland  Co.,  Pa.  (a  written  commu- 
nication, read  by  the  Secretary) :  In  relation  to  benefit  funds  of  and 
for  enijiloyees,  I  would  say  that  I  have  been  peruiitted  to  carry  out 
a  simple  means  of  collection  and  disbursement  for  the  relief  of  the 
miners  and  laborers  employed  by  this  Company,  at  the  group  of 
mines  about  Irwin's  Station,  to  meet  cases  of  accident  at  the  works, 
or  death  from  any  cause.  Each  man  taking  employment  here  is  at 
once  subject  to  the  regular  levy  of  25  cents,  for  the  current  calendar 
month ;  and  during  his  time  of  employment  may  thus  become  a  bene- 
ficiary, but  no  longer..  The  rei^orts  come  through  the  foreman  of  the 
mine,  and  the  members  of  the  Relief  Committee  attend  personally 
to  obtaining  correct  information.  The  payments  are  made  upon  the 
Record  transmitted  with  other  accounts  to  the  office,  and  generally 
monthly,  on  pay-day.  The  regulations  adopted  at  a  meeting  of  the 
outgoing  and  incoming  Committees  annually  held  in  consultation 
with  me,  have  now  remained  substantially  unchanged  for  several 
years,  and  since  "strains,"  which  are  very  liable  to  be  complicated 
with  rheumatism,  etc  ,  have  been  eliminated  from  the  list  of  grounds 
for  relief,  no  extra  levy  has  been  needed.  The  Committee  has  pre- 
sented to  the  bookkeeper  $100  for  his  services,  and  there  is  a  rising 
balance  on  hand. 

Last  year  we  had  but  one  death  from  accident  in  mining  and  ship- 
ping 600,000  tons  of  coal  here.  We  are  enabled  to  forbid  all  can- 
vassing for  relief-subscriptions  at  the  works.  I  may  remark,  after 
nine  years  of  experience,  that  since  we  take  care  to  keep  l)enefits 
below  earnings,  there  is  no  inducement  to  extend  the  period  of  ben- 
efit, and  there  is  room  left  for  charitable  action  in  each  neighborhood. 

Aside  from  the  relief-fund,  there  is  an  optional  subscription  to 
doctors'  lists  :  the  physicians  of  the  vicinity  return  monthly  to  our 
office  the  names  of  their  patrons  who  agree  to  pay  the  uniform  sum 
of  one  dollar  per  month  for  all  medical  attendance,  and  who  havo 
the  privilege  of  changing  their  patronage  from  one  doctor  to  another, 
any  month.     The  monthly  payments  once  subscribed,  however,  run 
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for  the  year  or  less  time  of  employment,  and  are  collected  for  the 
month  in  advance. 

Mr.  Schellenberg  appended  the  annual  statement  for  1883,  of  the 
relief-fund  referred  to,  showing  balance  in  hand  at  the  beginning  of 
the  year  $274.05;  amount  of  twelve  monthly  25-cent  collections 
$2603.75;  total  $2877.80;  and  disbursements  (in  94  cases)  of 
$2,020,  leaving  a  balance  on  hand  of  $857.80.  The  following  are 
the  regulations : 

'^  Levy  to  be  twenty-five  cents  per  month,  or  more,  if  needed 
[amended:  to  keep  balance  on  hand  above  $500.]  Benefits:  For  two 
weeks'  disability,  or  more,  five  dollars  per  week,  after  first  week,  shall  be 
])aid.  Benefits  to  cease  after  twenty-six  weeks  from  date  of  accident. 
Disability  must  be  from  actual  casualty  at  the  mines,  not  injury  from 
strain  or  otherwise  that  may  be  due  to  weak  condition  of  the  body. 
Beneficiaries  are  prohibited  from  doing  any  work  unless  specially 
permitted  by  whole  committee.  In  case  of  loss  of  limb,  the  full 
amount  of  $125  may  be  payable  at  any  time,  and,  at  discretion, 
$75  more  may  be  paid  toward  getting  an  artificial  limb.  Death: 
To  the  widow  or  legal  heirs  one  hundred  dollars  will  be  paid  when 
a  member  dies  from  accident,  and  fifty  dollars  when  death  is  from 
other  natural  cause.  The  directors  of  the  Westmoreland  Coal  Com- 
pany, at  their  meeting  in  June,  1879,  resolved  :  'That  in  the  event 
of  any  of  our  men  or  boys  being  killed  while  working  for  us,  this 
Company  will  contribute  for  the  relief  of  their  families  an  equal 
amount  to  that  paid  from  their  relief-fund.'  Notice  of  accident  to 
be  given  to  the  committee-men  within  three  days  of  the  accident. 
Committee-men  for  the  year  to  be  selected  on  pay-day,  in  January  ; 
in  case  of  vacancy,  on  first  pay-day  thereafter." 

President  R.  W.  Hunt,  Troy,  N.  Y.:  All  of  us  know  how 
constantly  accidents  are  taking  place;  and  no  matter  how  high  the 
earnings  have  been  or  how  improvident  the  men,  when  an  accident 
comes,  it  is  beyond  human  nature  to  turn  coldly  away.  The  result 
is  constant  subscriptions  through  the  works,  which  are  a  tax  on  the 
generous,  including  those  who  cannot  afford  to  give.  1  think,  if  I 
mistake  not,  the  Edgar  Thomson  works  used  to  insist  upon  insuring 
the  lives  of  their  men  :  I  do  not  know  whether  they  still  keep  it  up. 

VV.  R.  Jones,  Pittsburgh,  Pa.:  We  encourage  our  men  to  insure 
themselves.  In  the  early  histoiy  of  the  Edgar  Thomson  works,  we 
were  subject  to  a  great  many  accidents,  mostly  owing  to  lack  of  care 
on  the  })art  of  the  men.  We  encouraged  them  to  insure  themselves 
in  a  well-known  company,  and  in  certain  cases  we  at  first  assisted 
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thoin.  But  T  am  not  in  fiivor  of  coddlintu;  tlie  American  workin(!;man. 
I^et  him  learn  to  be  prndent  like  other  men.  If  we  can  train  the 
workman  to  be  self-reliant,  it  will  be  better  for  the  mannfactnrer 
and  for  his  people. 

Pkfj?idi:nt  IlrxT:  No  doubt  there  is  a  great  deal  in  what  Cap- 
tain Jones  has  said.  At  the  same  time,  many  of  ns,  and  particularly 
those  in  the  mining-  industries,  have  to  deal  with  ;i  class  of  laborers 
that  it  is  a  stretch  of  the  imagination  to  call  "American  working- 
men  ;''  and  while  we  are  educating  them  up  to  this  point  of  A  merican 
manhood,  they  have  the  lives  of  a  good  many  people  dcj)cnding  upon 
their  exertions.  That  is  one  thing  to  be  taken  into  consideration. 
We  cannot  place  them  on  the  same  level  as  the  ordinary  business 
man.  The  merchant  or  even  the  ordinary  mechanic  does  not  take 
his  life  in  his  hand  as  the  miner  is  compelled  to  do.  It  is  not  always 
the  miner's  own  mistake  that  kills  him  or  cripples  him.  The  "acci- 
dent" can  often  be  traced  back  to  insufficient  machinery,  insufficient 
regulations  of  the  employees,  or  even  insufficient  laws  of  the  State. 
And  he  works  for  quite  a  small  wage  while  he  is  taking  this  risk. 
Hence  I  think  that  all  associations  that  you  can  establish  between 
the  employer  and  the  employee,  making  him  feel  that  his  employer 
is  more  to  him  than  simply  a  man  giving  him  cold  dollars  for  unwil- 
ling work  rendered,  the  more  you  tend  to  bring  that  man  up  to  the 
higher  elements  of  manhood.  I  start  out  as  an  employer  with  the 
statement  that  I  will  not  have  any  organization  in  my  works;  that 
the  workmen  shall  not  dictate  to  me  on  what  conditions  the  works 
shall  be  run.  If  a  man  does  not  choose  to  submit  to  this,  let  him  go 
to  work  for  somebody  else,  but  so  long  as  he  is  in  my  employ,  he  must 
work  upon  my  terms.  Now,  having  laid  down  these  premises,  and 
made  our  contract  complete,  I  say  to  him,  "I  want  to  be  to  you 
more  than  an  employer  ;  I  will  encourage  you  in  any  and  every  way 
to  take  care  of  yourself  and  to  take  care  of  your  family."  And  while 
in  this,  as  in  every  humanitarian  endeavor,  one  is  certain  to  be  met 
with  ingratitude,  and  sometimes  with  suspicion  and  mab'ce,  that  will 
blunt  one's  desire  to  do  good,  so  that  it  will  require  a  strong  spirit 
to  keep  one's  purpose  firm  ;  still  I  believe  the  })lan  is  right,  and  I 
believe  that  these  coal  companies  and  railroad  companies  which  have 
taken  this  direction,  are  in  the  right  way.  With  regard  to  "the 
freedom  of  the  American  workmen,"  they  are  not  free — most  of  them. 
I  do  not  think  that  the  employer  need  be  afraid  to  exercise  a  little 
wholesome  and  benevolent  tyranny,  so  long  as  they  themselves  sub- 
mit to  their  trades-unions  which  are  the  greatest  of  all  tyrannies. 
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I  am  glad  to  refer  in  this  connection  to  a  former  President  of  the 
American  Institute  of  Mining  Engineers — I  mean  Eckley  B.  Coxe 
— who,  in  his  organization  of  labor,  at  Drifton,  Pa.,  certainly  has 
done  noble  work  and  is  doing  it  to-day,  with  the  result  that  he  runs 
along  untrammelled  by  strikes  or  by  trades-unions ;  proving  that 
human  nature  at  last  will  appreciate  a  big  heart  when  it  comes  into 
contact  with  it. 

Mr.  Jones  :  I  am  very  [)roud  to  say  that  I  consider  Eckley  B. 
Coxe  as  a  practical  illustration  of  the  principle  of  elevation,  that  I 
am  contending  for.  Let  the  capitalist  deal  fairly  and  squarely  with 
the  laboring  man,  and  leave  him  his  independence  and  his  responsi- 
bility— not  first  make  him  helpless,  and  then  nurse  him  because  he 
is  helpless. 

Dr.  R.  W.  Raymond,  New  York  City :  It  is  very  evident  that 
gentlemen  of  our  profession  occupy  an  ideal  position  for  a  critical 
survey  of  this  question,  being  equally  removed  from  the  ordinary 
ranks  of  labor  on  the  one  hand,  and  alas!  from  the  ranks  of  capital 
on  the  other.  I  would  like  to  call  attention  to'one  little  point  in 
the  plan  pursued  by  Messrs.  Cooper  and  Hewitt  at  the  Durham  Iron- 
works, and  doubtless  by  many  other  employers.  We  have  an  ar- 
rangement by  which  the  workmen  are  allowed  to  choose  their  own 
physician  to  prescribe  for  them,  which  combines  the  freedom  of  the 
individual  with  the  advantage  of  organization.  We  have  a  system 
at  our  works  by  which  a  single  man  pays  half-a-dollar,  and  a  married 
man  a  dollar,  per  month  for  medical  attendance.  It  is  perfectly 
voluntary — a  contract  between  the  men  and  the  doctor,  simply  en- 
forced through  the  office.  There  is  a  considerable  majority  who 
prefer  one  physician  in  the  neighborhood.  It  amounts  in  a  year  to 
something  like  $1500  or  $2000  for  that  physician,  which  is  not  a 
small  item  for  a  country  practitioner,  particularly  as  he  never  has 
the  slightest  particle  of  difficulty  in  collecting  his  bills.  Taking  into 
consideration  the  certainty  of  this  payment  (made  through  the  office 
of  the  works,  monthly)  the  doctor  finds  it  a  profitable  piece  of  work, 
and  he  does  it  in  connection  with  a  large  and  valuable  country 
practice. 

Now  I  would  like  to  call  your  attention  to  its  effect  upon  the 
doctor!  It  makes  it  the  doctor's  interest  to  study  hygiene  instead 
of  drugs  and  medicine.  It  is  not  the  doctor's  interest  to  come  and 
call  frequently  or  for  a  long  time.  It  is  the  doctor's  business,  when 
anybody  is  sick,  to  get  them  in  order  as  soon  as  possible,  so  that  his 
income  may  come  to  him  without  serious  labor.     As  a  matter  of  fact, 
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our  doctor  at  Purhani,  apart  from  cases  of  surtrorv — burns  aiui 
bruises  and  broken  limbs — has  very  little  to  do,  except  to  make  up 
in  the  spring  two  pailfuls  of  cough-mixture,  which  he  administers 
impartially  to  all  the  children,  ( Ijaughter.)  There  could  be  but 
one  better  system  in  this  respect,  and  that  I  do  not  suppose  we  shall 
ever  adopt.  I  mean  the  Chinese  system,  which  pays  the  doctor  a 
gooil  salary  as  long  as  the  family  is  well,  and  shuts  it  off  when  any- 
body gets  sick.  That  makes  it  still  more  intensely  the  interest  of 
the  doctor  to  have  as  little  sickness  as  possible;  but  since  we  cannot 
rise  to  the  entire  height  of  the  Chinese  in  this  matter,  I  am  glad  to 
say  that  the  apjiroach  we  have  made  to  it  works  very  well  in  prac- 
tice.    (Laughter.) 

I  will  append  to  these  remarks,  when  published,  an  account  of  the 
system  adopted  by  the  Baltimore  and  Ohio  Railroad  Company,  since 
it  is  one  of  the  most  elaborate  and  successful  plans  in  use  among  the 
railroad  companies.  This  account  is  condensed  from  a  publication 
made  in  April,  1883. 

"The  Employees'  Relief  Association,"  connected  with  the  above- 
named  railroad  company,  was  organized  May  1,  1880,  and  incorpo- 
rated by  an  act  of  the  Maryland  legislature  May  3, 1882.  The  object 
of  this  association  is  to  provide  a  fund  for  relief  in  cases  of  sickness, 
injury,  old  age  or  death  to  the  Baltimore  and  Ohio  Railroad  em- 
ployees and  their  families.  The  full  payment  of  all  benefits  for  sick- 
ness, accident  or  death,  is  guaranteed  by  the  Company,  which  at  the 
outset  gave  the  sum  of  $100,000  as  a  basis  of  operations,  which 
amount  is  invested  in  securities  which  yield  a  revenue  of  six  per  cent, 
per  annum.  This,  together  with  the  amounts  received  from  members 
as  dues,  forms  a  fund  to  meet  the  demands  made  by  members  upon 
the  funds  of  the  association  for  the  payment  of  benefits.  Every  able- 
bodied  employee  of  the  Baltimore  and  Ohio  Railroad  not  over  the 
age  of  forty-five  years,  who  passes  a  satisfactory  physical  exam- 
ination, is  eligible  for  membership.  Blank  forms  are  supplied  by 
the  officers  of  the  road,  which  must  be  filled  out,  giving  the  name, 
residence,  age,  occupation,  department  of  the  road  employed  in,  the 
amount  to  be  deducted  monthly  from  his  pay  as  dues,  and  the  name 
of  the  person  or  persons  to  whom,  in  case  of  his  death,  his  benefits 
shall  be  paid;  and  all  applications  made  by  minors  must  bear  the 
written  consent  of  the  parent  or  guardian  before  the  applicant  can 
become  a  member,  or  enjoy  any  of  the  benefits  of  the  socnety.  When 
the  association  was  organized  it  was  optional  with  the  men  to  join  or 
not,  but  by  a  later  order  of  the  Baltimore  and  Ohio  Company  all 
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new  employees  must  subscribe  to  the  relief  features  before  they  can 
be  taken  into  the  service  of  the  company. 

The  assessments,  which  are  deducted  from  the  pay  of  the  members 
on  tiie  pay  rolls,  are  divided  into  two  classes,  known  as  first  and 
second  class.  The  first  class  consists  of  men  who  are  connected  with 
the  running  of  trains,  such  as  engineers,  firemen,  conductors,  baggage 
masters,  brakemen,  switchmen  and  flagmen  ;  the  second  class,  of  offi- 
cers of  the  road,  clerks,  agents,  telegraph  operators,  machinists  and 
all  others  not  connected  with  the  running  of  trains.  As  members 
of  the  first  class  run  a  much  greater  risk  of  meeting  with  accidents 
than  those  in  the  second  class,  they  are  assessed  more  per  month  than 
the  latter.  The  amounts  thus  collected  from  the  pay-rolls  are  de- 
posited with  the  treasurer  of  the  Baltimore  and  Ohio  Company,  upon 
whom  all  requisitions  for  disbursements  are  drawn,  and  the  vouchers 
thus  drawn,  after  receiving  the  signature  of  the  chairman  of  the  com- 
mittee of  management  and  the  secretary  of  the  association,  are  pay- 
able by  any  agent  of  the  Baltimore  and  Ohio  Company  or  can  be 
negotiated  through  any  banking  institution. 

The  members  are  assessed  in  proportion  to  the  salary  received  by 
them,  under  the  following  scliedule  : 

First  Class. — Those  receiving  $35  and  under,  $1  per  month  ;  those 
receiving  ^35  and  not  over  $50,  $2  per  month  ;  those  receiving  $50 
and  not  over  $75,  $3  j)er  month  ;  those  receiving  $75  and  not  over 
$100,  $4  per  month  ;  those  receiving  $100  and  upwards,  $5  per 
month. 

Second  Class. — Those  receiving  $35  and  under,  75  cents  ])er 
month;  those  receiving  $35  and  not  over  $50,  $1.50  per  month; 
those  receiving  $50  and  not  over  $75,  $2.25  per  month  ;  those  receiv- 
ing $75  and  not  over  $100,  $3  per  month  ;  those  receiving  $100  and 
upward,  $3.75  per  month. 

The  nature  and  extent  of  the  "  benefits  "  may  be  best  explained 
by  illustrative  examples.  Take,  for  instance,  the  case  of  a  brakeman 
who,  in  coupling  a  car,  gets  his  thumb  mashed,  and  is  unable  to  per- 
form any  manual  labor  for  a  period  of  twenty-five  days,  excluding 
Sundays.  He  reports  the  accident  to  a  medical  inspector,  who  ex- 
amines the  case  and  reports  it  to  the  secretary.  For  this  the  sufferer 
receives  from  the  association  the  sum  of  $25,  and  as  railroad  compa- 
nies pay  only  for  service  actually  performed,  the  man  gets  from  the 
relief  association  fund  what  he  would  not  otherwise  have — the  means 
to  support  his  family  while  he  is  unable  to  work.  He  is  under  no 
expense  for  medical  attendance,  as  the  association  has  an  able  corps 
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of  me<lioal  iiispootors,  bosiilos  oontraot-pliysicians  alonij;  tlio  line  of 
the  roail ;  ami,  wlieii  attended  by  one  of  the  hitter,  the  hill  for  atten- 
daneo  is  not  remlered  to  the  individual,  but  to  the  Relief  Association. 

But  should  a  brakeinen  bo  killed  in  the  discharge  of  his  duty,  the 
assoeiation  pays  to  his  widow  or  the  beneHeiary  named  in  his  appli- 
cation for  membership  the  sum  of  SIOOO.  For  this  he  paid  the 
assoeiation  at  the  rate  of  $2  per  month.  It  is  provided,  however, 
that  no  claims  lor  accidental  death  can  be  paid  until  all  the  heirs  of 
the  deceased  file  with  the  secretary  a  paper  satisfactory  to  him  releas- 
ing the  Baltimore  and  Ohio  Company  from  damages ;  and  if  a  member 
while  in  the  discharge  of  his  duty  should  receive  any  injury,  and  file 
a  suit  in  any  court  against  the  company,  he  will  not  be,  according 
to  the  constitution  of  the  association,  entitled  to  receive  any  of  the 
benefits  promised  by  the  association. 

Take,  again,  the  case  of  an  engineer,  who  in  the  discharge  of  his 
duty  is  injured,  and  is  totally  unable  to  perform  any  manual  labor 
for  a  period  of  twenty  days.  He  pays  into  the  association  the  sum 
of  ^4  per  month,  and  is  therefore  entitled  to  receive  twice  the  amount 
of  benefit  received  by  a  brakemen,  and  he  re-'eives  the  sum  of  $2  for 
every  day  thus  totally  disabled.  Should  he  meet  with  an  accident 
causing  his  death  while  in  the  discharge  of  his  duty,  his  heirs  would 
receive  the  sum  of  $2000. 

A  conductor  j)ays  $3  per  month,  and  if  sick  twenty  days  would 
receive  the  sum  of  $30,  and  were  he  to  meet  with  death  by  accident, 
his  heirs  would  receive  the  sum  of  $1500.  There  is  insurance  for 
sickness  as  well  as  accident.  Take  the  case  of  a  brakemen  who  is 
sick  for  a  period  often  days  and  unable  to  perform  his  usual  duties ;  he 
will  receive  the  sum  of  $10,  and  were  he  to  die  from  natural  causes, 
his  heirs  would  receive  the  sum  of  $200,  being  at  the  rate  of  $100 
for  each  rate.  An  engineer  dying  from  natural  causes,  his  heirs 
would  receive  the  sum  of  $400. 

All  claims  presented  and  allowed  by  the  association  on  account  of 
death  are  paid  within  sixty  days  from  the  date  or  receipt  of  notice 
of  death. 

The  association  is  under  contract  with  318  physicians  along  the 
line  of  the  road  to  attend  upon  members  in  case  of  accidents,  and 
also  with  the  most  prominent  hospitals  in  Baltimore,  Washington, 
Wheeling,  Pittsburgh,  Columbus  and  Chicago,  where  disabled  mem- 
bers may  be  treated  at  greatly  reduced  rates,  and  also  with  the  Bal- 
timore Eye  and  Ear  Infirmary,  where  members  receive  board  and 
indoor  treatment  at  the  rate  of  $4  per  week,  and  all  operations  are 
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performed  by  the  surgeon  in  charge.  They  also  receive  board  and 
the  best  of  medical  treatment  at  the  hospitals  referred  to  above,  at 
the  rate  of  $2.50  per  week,  which  amount  may  be  paid  out  of  the 
allowance  from  the  association. 

As  shown  by  the  first  report  of  the  secretary,  dated  May  1,  1881, 
there  had  been  issued  14,439  certificates  of  membership,  and  the 
gross  receipts  to  December  31,  1880,  amounted  to  $88,543.26;  the 
disbursements  to  $41,503.14,  leaving  a  balance  of  $47,040.12,  which 
amount  was  used  to  liquidate  claims  made  or  to  be  made  on  account 
of  disbursements  to  members  prior  to  December  31,  1880. 

All  the  salaries  of  the  secretary,  medical  inspectors,  clerks,  and 
all  other  expenses  of  the  association  are  borne  by  the  Baltimore  and 
Ohio  Company,  and  therefore  the  funds  of  the  association  are  under 
no  other  expense  than  for  the  payment  of  allowances  to  members 
and  physicians'  fees  for  attendance  upon  disabled  members. 

Between  May  1,  1880,  and  December  31,  1880,  1685  claims  for 
allowance  and  352  bills  for  medical  attendance  were  paid,  the  whole 
aggregating  $41,503.14,  and  from  December  31,  1880,  to  April  oO, 
1881,  699  claims  for  allowance  and  182  bills  for  attendance  of  phy-  • 
sicians  were  examined  and  paid,  amounting  to  $25,077.48,  making  a 
total  disbursement  of  one  year  of  $66,580.62. 

The  second  annual  report  of  the  Secretary,  dated  October  1,  1882, 
covered  a  period  of  twentv-one  months,  as  the  fiscal  year  of  the  asso- 
ciation was  changed  so  as  to  correspond  with  the  fiscal  year  of  the 
Baltimore  and  Ohio  Company.  This  report  shows  a  balance  on 
hand  December  31,  1880,  of  $47  040.12,  and  receipts  from  all  sources 
$345,088.30,  $322,038.20  of  this  amount  being  received  from  the 
members  as  premiums.  The  disbursements  for  the  same  period  were 
$30  ,617.69,  leaving  a  balance  of  $89,510.73,  and  six  months'  in- 
terest, $2500,  making  a  balance  September  30, 1882,  of  $92,010.73. 
But  this  amount  does  not  represent  the  actual  balance,  for  from  it 
were  to  be  deducted  $40,473.60  for  benefits  due  and  not  yet  paid, 
and  $^1,424.46  insurance  reserve,  leaving  a  net  balance  of  $30,1 1 2.67 ; 
and  this  balance,  by  the  provisions  of  the  constitution,  is  to  be  used 
"  to  reduce  the  next  year's  contributions  or  to  increase  the  allowance 
for  natural  death  or  in  promoting  the  interests  of  the  association." 
By  this  report  the  number  of  members  of  the  association  is  stated  at 
28,706,  embracing  **  ninety-four  per  cent,  of  all  employees  in  the 
service." 

By  these  two  reports  the  a.ssociation  has  paid  91  claims  of  acci- 
dental death,  amounting  to  $94,500;  189  claims  of  natural  death. 
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amounting  to  $48,300;  3972  claims  of  disablement,  from  injuries, 
amounting  to  S50,520.67  ;  2600  oases  of  physicians  for  services  ren- 
doriHl  in  above  cases,  amounting  to  $20,09(3.29,  and  9094  claims 
from  disabloinontsby  sickness  or  injuries  not  received  in  discharge  of 
dutv,  anuninting  to  $127,689.39,  making  a  total  number  of  claims 
examined  and  allowed  of  15,952,  and  a  total  amount  paid  of 
$341,106.35. 

The  aifaii-s  of  the  association  are  controlled  by  a  committee  of 
management,  which  includes  the  president  of  the  Baltimore  and 
Oiiio  Company  and  nine  other  members,  four  appointed  by  the  com- 
pany ami  tive  elected  by  the  contributors.  The  immediate  manage- 
ment is  under  the  control  of  a  secretary,  who  is  elected  by  the  com- 
mittee and  to  whom  all  the  business  of  the  association  is  intrusted. 

There  are  other  benefits, such  as  half-fare  in  travelling,  half-freights 
on  building  materials  lor  homesteads,  loans  at  6  per  cent,  from  the 
building  fund,  deposits  at  4  per  cent,  in  the  saving  fund,  etc.,  which 
I  omit  from  this  account,  since  they  do  not  properly  belong  in  the 
relief  department.  There  can  be  no  better  measure  of  the  good  done 
by  such  an  organization  than  the  amount  of  money  it  disburses  an- 
nually ;  for  this  sura  represents  the  burden  which  has  been  borne  by 
the  broad  shoulders  of  the  association,  instead  of  being  allowed  to  fall 
with  crushing  force  upon  the  individuals.  Judged  by  this  standard, 
the  organization  just  described  has  prevented  a  vast  amount  of  suf- 
fering; and  its  report  shows  in  a  startling  way,  how  great  must  be 
the  hardships  of  employees  who  are  not  thus  supported.  It  will  be 
noticed  that  much  the  larger  part  of  the  relief  granted,  was  not  re- 
quired as  the  result  of  accidents.  Hence  the  extra-hazardous  nature 
of  the  railroad  business  does  not  constitute  the  only  ground,  though 
it  is  an  additional  ground,  for  such  an  organization.  It  is  a  good 
thing  in  any  business ;  and  it  is  not  charity,  but  insurance. 

J.  D.  Weeks,  Pittsburgh,  Pa.:  The  subject  so  thoroughly  dis- 
cussed in  one  of  its  phases,  in  the  paper  just  read,  has  for  some  years 
provoked  much  thought  and  study,  not  only  among  employers  and 
•employed,  but  has  demanded  the  attention  of  the  ablest  statesmen  of 
the  world.  Bismarck's  scheme  for  insuring  the  workingmen  of  all 
Germany  ;  the  Belgian  "  Caisses  de  Prevoyance ; "  the  French  "  Se- 
cours,"  which  also  exist  in  Belgium  ;  the  British  Employers'  Lia- 
bility Act,  with  the  vast  number  of  Friendly  Societies  which  flourish 
in  the  United  Kingdom,  and  the  many  voluntary  societies  in  this 
country  of  a  character  somewhat  similar  to  those  described  in  the  two 
papers  just  read,  are  all  recognitions  of  the  need  of  some  method  of 
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providing  for  the  workman  and  his  family  in  cases  of  disability  or 
death,  and  are  attempts  to  meet  this  recognized  necessity.  Whether 
these  attempts  are  wise  or  not  is  a  debatable  question. 

These  schemes  for  insurance  all  assume,  what  is  the  fact,  that  many 
workmen  cannot  or  do  not  out  of  their  earnings  provide  for  the  inev- 
itable hour  when  they  are  incapacitated  for  work.  They  are  attempts 
to  meet  this  inability  or  provide  for  this  improvidence.  One  form 
these  associations  take,  is  the  well-known  beneficial  organizations  of 
this  country,  such  as  the  "Odd  Fellows,"  "Knights  of  Pythias," 
"Red  Men,"  etc.,  and  the  Friendly  Societies  of  England,  of  which 
the  "Manchester  Unity,"  the  "Druids"  and  the  "Foresters"  may 
be  taken  as  examples.  These  are  secret  organizations  with  a 
more  or  less  elaborate  ritual,  intended  to  inculcate  some  moral  lessons, 
but  are  at  the  same  time  sick- and  accident-insurance  societies,  "dues" 
being  exacted  from  the  members,  and  "benefits"  of  a  certain  sum 
per  week  paid  in  the  event  of  the  disability  of  the  members.  These 
organizations  have  been  remarkably  successful  in  the  great  manu- 
facturing centres  of  this  country  and  England,  especially  among  the 
workmen  of  tlie  mills  and  mines  of  Pennsylvania,  and  of  that  section 
of  England  of  which  Manchester  is  the  centre.  They  include  men 
of  all  trades  and  positions  in  life. 

The  great  trades-unions  of  this  country  and  Great  Britain,  which 
differ  from  those  just  referred  to  in  many  respects,  and  especially  in 
being  confined  to  those  engaged  in  the  same  trade,  are  also  in  many 
cases  assurance  societies.  A  large  part  of  their  payments  are  on  ac- 
count of  sick,  accident,  or  superannuation  funds. 

A  second  method  of  the  development  of  this  assurance  principle 
is  in  State  action.  In  many  countries  statutes  have  been  enacted  that 
are  in  eifect  assurance  and  relief  laws.  Among  these  are  the  laws 
establishing  in  Belgium  the  "Caisses  de  Prevoyance,"  and  the  Em- 
})loyers'  Liability  Act  of  England.  The  Belgian  law  is  a  distinct 
recognition  by  the  State  of  the  insufficiency  of  wages,  and  a  deliberate 
intervention  on  its  part  to  compel  the  manufacturers  to  supplement 
this  insufficiency  by  additional  payments,  which  form  a  fund  out  of 
which  the  disal)led  workman  or  his  family  is  supported  in  whole  or 
in  part.  Formerly  both  employers  and  employees  contributed  to 
this  fund  ;  now,  only  the  former.  It  exists  now  only  among  the 
mines  and  iron-works,  the  glass-workers  being  so  well  paid  that  the 
necessity  of  interference  on  their  behalf  is  not  recognized.  In  1880, 
106,633  miners  were  affiliated  with  the  several  "caisses,"  1,905,789 
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fr;\ncs  weiv  expended,  and  the  sdoieties  luid  0,475,424  francs  of  a 
reserve  fund. 

The  En<rli^*h  Ein]dovers'  Liability  Aet  is  intended  to  benefit  the 
workmen  by  extending;  the  liability  of  the  enij>lt\ver  in  eases  of  the 
injnrv  or  ileath  of  the  einplt\vee  while  engaixed  in  his  work.  In  oon- 
neetion  with  this  aet,  various  industries  have  made  careful  investiga- 
tions as  to  the  advisability  of  organizing  societies  for  protecting  indi- 
viduals against  excessive  loss  by  distributing  it  over  the  whole  trade. 
The  iron-mannfactnrers'  committee  rei)orted  that  the  liability  was  so 
small  that  it  was  not  advisable  either  to  form  an  association  or  to 
insure  in  any  of  the  accident  associations  that  have  been  formed  to 
take  these  risks.     Other  trades  have  taken  different  views. 

The  third  form  this  insurance  has  assumed  is  that  discussed  in 
Mr.  Harris'  paper,  one  in  which  the  employer  and  employed  volun- 
tarily unite  to  provide  for  the  disability  of  the  workmen.  Quite  a 
number  of  these  Relief  Societies  exist  in  this  country.  The  Balti- 
more and  Ohio  Railroad,  and  the  Pittsburgh,  Fort  Wayne  and  Chi- 
cago Railroad  have  them.  There  have  been  several  formed  in  the 
Pittsburgh  mills,  and  in  the  mines  of  that  neighborhood  and  in 
tnany  establishments  in  various  industries  all  over  the  country,  they 
have  been  organized  with  niost  gratifying  results. 

The  great  difficulty  in  the  way  of  the  working  of  these  associations, 
is  the  idea  that  workmen  have  that  they  are  intended  either  as  a 
charity,  or  to  ]>ay  back,  in  some  way,  wages  that  have  been  unjustly 
withheld  from  them.  They  do  not  recognize  the  prevalent  idea  of 
wages  in  many  cases  as  a  just  one.  This  view  has  interfered  with 
the  successful  working  of  these  Relief  Associations,  and  will  con- 
tinue so  to  do.  It  will  require  the  most  prudent  management  to 
render  them  successful. 


JMPROVEMEXTS  IX  METHODS  FOR  PHYSICAL  TESTS. 

BY  ARTHUR  V.  ABBOTT,  C.E.,  NEW  YORK  CITY. 

To  rightly  use  materials,  two  kinds  of  knowledge  are  essential : 
first,  the  actual  strength  of  the  substance;  and  secondly,  the  forces 
to  which,  in  the  structure,  it  may  be  subjected.  Nearly  all  of  the 
data  which  we  have  at  the  present  time  have  been  obtained  from  the 
experiments  made  on  the  materials  used  in  Europe,  and  by  foreign 
investigators.     The  materials  commonly  used  in  this  country,  es- 
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pecially  iron  and  steel,  together  with  our  processes  of  manufacture, 
are  quite  different  from  corresponding  ones  abroad,  and  the  facts 
and  figures  obtained  from  English  or  German  experiments  are  liable 
to  be  somewhat  erroneous  when  applied  here.  It  consequently  be- 
comes a  necessity  for  us  to  make  investigations  for  ourselves,  and  to 
determine,  for  the  materials  used  here,  the  data  whereby  our  struc- 
tures may  be  made  more  secure  and  economical,  and  may  inspire 
public  confidence. 

The  first  machines  in  this  country  were  built  by  Maj.  Wade  and 
Capt.  Rodman,  and  are  still  in  use  in  the  Washington  Navy  Yard 
and  army  building.  New  York  City. 

One  of  the  early  records  gives  an  account  of  a  small  machine 
built  by  the  late  John  A.  Roebling,  and  located  at  his  wire  mill  in 
Trenton,  N.  J.  This  machine  consisted  of  a  straining-apparatus 
connected  with  a  scale-beam,  and  was  used  to  test  the  qualities  of 
the  wire  employed  in  the  suspension-bridges'built  over  the  Niagara 
and  the  Ohio  rivers. 

A  machine  shortly  subsequent  to  the  above  was  employed  by 
Murphy  and  Plympton  at  Trenton  for  the  purpose  of  making  tests 
of  bridge  I-bars.  This  is  the  first  machine  on  record  intended  for 
making  tests  on  full-sized  members. 

There  then  occurs  quite  a  gap  in  the  history  of  American  prac- 
tice; and  the  next  move  in  the  direction  of  further  investigation 
was  made  by  the  United  States  Government,  in  1874,  by  the  ap- 
pointment of  a  Board  to  make  experiments  on  iron  and  steel  and 
other  metals,  and  an  appropriation  of  $75,000  from  Congress  allowed 
for  its  use.  The  first  action  of  the  Board  was  to  cause  proposals 
to  be  issued  for  the  building  of  an  appropriate  machine,  and  the 
result,  to  let  to  Mr.  A.  H.  Emery,  of  Chicopee,  Mass.,  a  contract 
for  such  a  machine,  to  be  completed  within  five  months  from"  date. 
Unfortunately  nothing  had  ever  been  constructed  on  the  scale  con- 
templated by  the  Board,  and  it  was  some  four  years  before  the 
machine  was  completed  ;  but  the  result  has  been  to  give  to  the  Gov- 
ernment a  machine  which  is  in  many  respects  without  parallel,  and, 
as  the  Watertown  Arsenal  Machine,  is  too  well  known  to  the  mem- 
bers of  the  Institute  to  need  further  description  here. 

About  two  years  ago,  Messrs.  Fairbanks  &  Co.,  having  for  some 
time  been  engaged  in  the  raanufactureof  testing-machines,  conceived 
the  idea  of  locating  in  New  York  a  bureau,  or  office,  so  arranged 
that  engineers  and  constructors  could  be  afforded  an  opportunity  for 
making  experiments  and  tests  on  any  material,  in  any  way,  and  to 
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2:ivo  to  America  a  l:il)oratory  that  should  speedily  become  to  our 
country  what  tlie  laboratory  of  Kirkaldy  is  to  England.  The  im- 
provements given  in  this  i)aper  are  the  result  of  the  desire,  on  the 
part  of  Fairbanks  <!^'  C(v,  so  to  arrange  and  supply  their  department 
of  Tests  and  P^xperiments  as  to  meet  the  wants  of  all  investigators. 
These  details,  having  been  carried  on  under  the  supervision  of  the 
author,  are  now  presented,  hoping  that  they  will  be  of  interest  to 
the  Institute. 

Five  qualities  are  necessary  to  a  successful  testing-machine: 

Fii-st.  There  must  be  a  mechanism  for  producing  stress  up  to  the 
largest  size  of  specimens  that  it  is  wished  to  test,  and  this  raechanisra 
must  be  sufficiently  heavy  and  rigid  to  produce  the  stress  without 
any  distortion  or  undue  straining  of  any  of  its  parts. 

Second.  A  contrivance  for  accurately  estimating  or  registering  the 
amount  of  stress  applied  to  the  piece  under  examination. 

Third.  A  method  for  recording  both  the  stress  and  its  effects  on 
the  test-piece  simultaneously. 

Fourth.  Such  appliances  to  the  testing- machine  as  shall  enable 
the  stress  to  be  applied  in  any  desired  manner,  and  to  any  wished- 
for  shape  of  the  test-piece ;  and 

Fifth.  The  ability  of  the  machine  itself  to  be  easily  and  frequently 
tested,  so  that  its  record  may  hold  the  confidence  of  the  community. 

Many  machines  have,  in  one  or  more  respects,  failed  to  meet  the 
above  qualifications.  Generally  in  the  older  machines  there  was 
considerable  doubt  as  to  the  accuracy  of  the  means  emi)loyed  to 
estimate  the  stress  to  which  the  specimen  was  subjected.  In  the 
hvdraulic  machines  a  gauge  or  other  means  was  used  for  estimating 
the  amount  of  pressure  per  square  inch  applied  to  the  ram  of  the 
hydraulic  press.  In  such  machines  the  coefficient  of  friction  is  a 
constantly  varying  and  uncertain  quantity;  so  that  an  estimation 
of  the  pressure  on  the  ram,  however  carefully  made,  is  no  accurate 
measure  of  the  amount  of  stress  to  which  the  specimen  itself  is  sub- 
jected. In  machines  so  planned  that  the  stress  could  be  estimated 
in  other  ways  than  by  the  hydraulic  gauge,  the  apparatus  was  so 
crude  or  subject  to  so  many  errors  as  to  make  the  results  obtained 
quite  unreliable.  Indeed,  the  Emery  testing-machine  was  the  only 
large  machine  at  the  time  of  its  construction  which  was  considered 
to  be  trustworthy. 

In  Fig.  1  an   illustration  of  the   machine  now  employed  in  the 
"Department  of  Tests  and  Experiments"   is   given,    which    it  is 
hoped  may  be  found  to  combine  some  improvements  on  foregoing 
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machines.  From  this  illustration  it  will  be  seen  that  the  machine 
stands  on  two  cast-iron  legs,  which  may  be  supported  by  any  suitable 
foundation  that  is  sufficiently  strong  to  hold  the  weight  of  the 
structure.  On  these  cast-iron  legs  there  rests  a  framework  of 
wrought-iron  I-beams,  so  constructed  as  to  give  the  entire  structure 
an  exceedingly  solid  and  firm  basis.  On  this  frame-work  of  I-beams 
a  system  of  levers  is  arranged  in  a  manner  very  similar  to  that  of 
ordinary  scale-work,  only  proportioned  to  successfully  withstand  the 
severe  stresses  that  come  on  it  from  the  shocks  and  other  use  of  the 
machine.  These  levers  support  a  secondary  framework,  also  con- 
structed of  I-beams,  and  carrying  on  its  top  four  long  columns.  On 
the  top  of  these  columns  stands  a  heavy  casting  from  which  are 
suspended  two  side-screws,  sustaining  the  top  cross-head  of  the  test- 
ing-machine, to  which  one  end  of  the  specimen  to  be  examined  may 
be  attached.  These  screws  are  simply  used  as  a  rapid  and  con- 
venient means  of  adjustability,  so  that  long  or  short  specimens  may 
be  rapidly  accommodated.  It  will  be  noticed  that  this  entire 
system,  namely,  the  adjusting  screws  and  top  cross-head,  is  supported 
entirely  upon  the  upper  frauie-work  of  I-beams,  forming  the  plat- 
form of  the  testing-machine.  Beneath  the  top  cross-head  will  be 
noticed  a  second  cross-head,  also  supported  on  two  screws,  which 
are  placed  inside  the  adjusting  screws  previously  alluded  to.  These 
screws  carrying  the  lower  cross-head  extend  downward  through  the 
platform  and  are  attached  to  worm-gears  firmly  secured  to  the  under 
side  of  the  bottom  framework.  The  worm-gears  may  be  rotated  in 
either  direction  at  the  pleasure  of  the  operator,  by  means  of  the  belt 
and  a  series  of  gears  shown  at  the  extreme  right  hand  of  the  figure. 
This  system  of  worm-gears  and  screws  forms  the  straining- 
mechanism  of  the  machine,  capable  of  applying  any  desired  stress 
up  to  200,000  pounds.  Great  care  is  taken  in  the  construction  of 
the  machine  that  no  part  of  this  mechanism  whatsoever  shall  touch 
or  in  any  way  come  in  contact  with  the  platform  of  the  machine. 
Consequently,  no  matter  how  much  the  lower  cross-head  be  run  up 
and  down,  no  effect  whatsoever  will  be  produced  on  the  platform, 
unless  this  cross-head  be  attached  thereto  by  means  of  the  specimen. 
It  follows  that  all  the  stress  produced  by  the  cross-head  on  the 
platform  must  necessarily  pass  through  the  specimen,  and  only  this 
amount  and  no  other  can  be  estimated  on  the  weighing-beam  of  the 
machine.  A  part  of  the  scale-system  previously  referred  to  may  be 
seen  on  the  front  of  the  figure;  the  end  of  one  of  the  large  levers 
extending  under  the  platform,   and    two  small  ones  carrying  the 
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stress  from  the  oiul  o^  this  lover  to  tlio  beam,  and  designed  to  in- 
crease tlie  nniltiplieation  of  the  machine  and  reduce  the  amount 
brought  to  the  beam  itself.  Over  the  larger  one  of  these  levers  are 
four  small  columns  extendino-  ujiwards  and  suppoi'ting  on  their  top 
a  hand-wheel  and  ratchet.  This  is  an  auxiliary  testing-machine,  so 
plainied  that  the  one  piece  of  apjniratus  inclutles  two  machines — 
one  large  one  tor  making  tests  of  full-sized  specimens,  having  a  ca- 
pacity of  200,000  pounds,  reading  to  10  pounds,  and  accommodating 
specimens  up  to  10  feet  of  length;  the  other  having  a  capacity  of 
10,000  pounds,  reading  to  half  a  pound,  and  accommodating  speci- 
mens up  to  2  feet  of  length.  It  will  thus  be  seen  that  this  testing- 
machine  is  a  sort  of  mulfum  in  parvo,  combining  the  capacity  for 
making  large  and  small  tests. 

Leaving  the  perspective  view,  let  us  pass  to  Figs.  2  and  3,  the 
longitudinal  and  transverse  sections  taken  directly  from  the  draw- 
intrs  of  tlie  testin2:-niachine.  Here  will  be  seen  standing;  on  the 
floor  the  cast-iron  legs  a  a' ,  supporting  the  framework  of  I-beams 
6,  6,  b,  b.  On  these  I-beams  there  stand  at  each  end  two  solid 
cast-iron  blocks  that  support,  hanging  by  two  loops,  the  main 
levers,  c,  c.  On  the  center  pivot  of  these  levers  stand  two  castings, 
b",  b",  that  carry  the  foundation  I-beams,  b' ,  b',  of  the  platform. 
On  the  top  of  these  beams  is  arranged  a  series  of  eight  smaller 
beams,  c',  c',  that  carry  the  longitudinal  beams,  A,  A,  for  support- 
ing the  anvil  blocks,  40  ;  also  the  beams  c'  c'  sustain  the  columns 
j,  j,  carrying  the  top  castings  with  the  adjusting  screws,  h,  h. 
The  other  ends  of  the  main  levers,  c,  c,  are  attached  by  means  of 
their  extreme  pivots  and  loops  to  the  central  levers,  e,  e' .  These 
levers  carry  the  stress  imparted  to  the  platform  to  the  end-lever,/, 
whence  it  is  carried  to  the  beam,  where  it  may  be  estimated  by  sliding 
the  poises  to  and  fro  until  a  balance  is  obtained.  It  Avill  also  be 
noticed  that  between  the  lower  I-beams  of  the  frame  there  is  placed 
a  heavy  casting,  !<," .  This  casting  supports  the  main  driving 
screws,  /;,  to  which  the  lower  cross-head,  m,  is  attached.  These 
screws  are  kept  in  their  place  by  a  small  collar  placed  on  the  top  of 
the  I-beams,  and  by  a  worm-gear  and  a  heavy  nut  on  the  under  side 
of  the  casting,  //'.  These  worm-gears  are  cut  respectively  right 
and  left-handed,  and  correspond  with  similar  threads  on  the  screws 
tliemselves.  The  object  of  cutting  the  screws  with  different  threads 
is  to  cause  them  to  rotate  in  opposite  directions,  and  so  to  neutralize 
all  tendency  to  twist  or  turn  on  the  part  of  the  cross-head,  due  to 
the  large  amount  of  friction   caused   by   the  screws   under   heavy 
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pressures.  These  worm-gears  may  be  rotated  by  means  of  the  worms 
and  tlie  lower  shaft,  I.  This  lower  shaft  is  connected  at  the  left  hand 
of  the  machine  with  a  series  of  gears  and  a  tight  or  loose  pully, 
driven  by  a  belt,  l^  (Fig.  3).  The  object  of  these  gears  is  to  com- 
municate different  speeds  of  rotation  to  the  driving  shaft,  /,  so  that 
the  testing-machine  n)ay  be  driven  at  varying  speeds  at  the  pleasure 
of  the  operator,  and  that  the  cross-head  may  be  moved  up  and  down 
at  such  rates  of  speed  as  his  judgment  may  deem  the  best  for  the 
specimen  under  examination.  At  the  right  hand  of  these  gears  may 
be  seen  a  set  of  reversing-gears  very  similar  to  those  employed  in 
the  ordinary  lathe,  so  that  at  pleasure  the  direction  of  the  motion  of 
the  cross-head  may  be  changed  from  up  to  down,  or  vice  versa. 
Perhaps  the  action  of  the  machine  may  be  now  fully  understood  by 
supposing  a  test-piece  in  tension.  The  piece  is  first  secured  in  the 
top  cross-head,  B,  by  means  of  the  wedges  placed  therein.  The 
other  end  is  then  secured  to  the  lower  cross-head,  C,  thus  forming 
the  only  connection  between  the  platform  and  driving-mechanism. 
As  fast  as  the  screws  are  turned,  stress  is  exerted  on  the  specimen 
which  is  communicated  to  the  platform,  and  may  be  weighed  by 
means  of  the  beam  at  the  left  hand.  It  will  thus  be  seen  that  two 
qualifications  have  been  here  fulfilled.  In  the  first  place  the  strain- 
ing-mechanism is  sufficiently  firm  and  rigid  to  produce  all  the  stress 
that  the  machine  is  intended  to  exert,  without  any  straining  or  undue 
distortion  of  its  parts;  and  second,  that  only  the  stress  to  which  the 
specimen  is  subjected  can  by  any  possibility  come  upon  the  platform. 

A  third  qualification  may  be  here  mentioned,  as  being  peculiar  to 
this  form  of  testing-machine,  and  that  is  the  facility  by  which  at  any 
time  the  machine  itself  can  be  tested. 

Referring  again  for  a  moment  to  the  perspective  view,  it  may  be 
seen  that  the  platform  of  the  machine  occupies  considerable  sjiace, 
being  some  ten  feet  long  by  six  feet  in  width.  Now  as  this  platform 
is  supported  simply  and  solely  on  the  levers  of  the  scale,  any  weight 
which  is  placed  on  it  must  be  immediate!}'  felt  by  the  beam  itself; 
consequently,  in  order  to  test  the  machine  all  that  is  necessary  is  to 
pile  on  the  platform  either  a  scries  of  standard  test-weights,  or  a 
previously  weighed  quantity  of  any  material.  If,  for  example, 
20,000  pounds  of  dead  weight  be  phiced  on  the  platform,  and  by 
moving  the  poise  out  on  the  beam  it  is  found  that  the  beam  balances 
at  a  corresponding  figure,  namely,  20,000  pounds,  there  is  an  ocular 
demonstration  that  a  certain  number  of  pounds  of  dead  weight  pro- 
duces a  corresj)onding  reading  on  the  beam.     Consequently,   when 
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the  spetMmen  is  placeil  between  the  juw:^  of  the  testing-machine,  and 
it  is  reuH'iubeieil  that  tlie  only  stress  exorteil  by  the  screws  on  the 
pUitform  is  transmittal  throngh  the  piece,  and  20,000  pounds  is  in- 
dicateil  by  tiie  beam,  it  is  obvious  that  the  specimen  must  be  under- 
going a  stress  of  a  corresponding  amount.  It  may  be  stated  tiiat  in 
the  process  of  manufacture  of  all  such  machines  each  of  the  levers 
which  enter  into  the  construction  is  scaled  separately ;  that  is  to  say, 
when  the  lever  is  made  it  is  hung  on  its  fulcrum,  and  weights  in  the 
proi>er  ratio  are  hung  on  each  of  the  exterior  pivots.  The  edges  of 
these  pivots  are  then  n)oved  to  and  fro  slightly  until  the  loads  on  each 
exactly  balance  each  other.  The  lever  is  then  supposed  to  be  correct, 
and  after  the  entire  machine  is  set  up  weights  are  piled  on  the  plat- 
forni,  and  the  beam  anil  the  poises  adjusted  until  every  mark  on  the 
beam  is  indirated  by  a  corresponding  amount  of  dead  w'eight  on  the 
platform,  so  that,  as  will  be  readily  seen,  the  machine  is  adjusted  to 
itself  and  all  coefficients  of  friction  whatsoever  are  thereby  elimi- 
nated. 

Of  course  it  may  be  urged  that  in  time  the  edges  of  the  pivots 
may  become  dulled  and  the  coefficients  increased.  This  is  true,  but 
in  fact,  so  far  as  is  known,  no  machine  has  been  constructed  which 
is  not  susceptible  to  some  wear  in  the  course  of  time.  Simply  as  a 
matter  of  history  it  may  be  stated  that  the  machine  now  brought 
to  your  notice  has  been  in  constant  and  severe  use  for  nearly  two 
years.  An  experiment  tried  a  few  days  ago  revealed  the  following 
facts:  AVhen  the  machine  was  unloaded  a  weight  of  three-fourths  of 
a  pound  on  the  platform  caused  the  beam  to  promptly  rise  and  stand 
at  the  top  of  the  surrounding  guard.  As  the  least  reading  on  the 
poise  indicates  a  weight  of  ten  pounds  in  the  machine,  an  error  of 
three-fourths  of  a  pound,  necessary  to  turn  the  beam,  may  be  con- 
sidered so  small  as  hardly  to  be  worthy  of  notice.  A  test-piece  was 
introduced  into  the  machine  and  a  strain  of  100,000  pounds  placed 
on  the  platform,  and  a  weight  of 'six  pounds  was  then  added  to  the 
platform,  which  again  caused  the  beam  to  move;  consequently,  it  is 
obvious  that  a  load  of  60  per  cent,  of  the  smallest  reading  of  the 
poise  was  sufficient  to  cause  a  visible  motion  of  the  beam,  even  under 
a  heavy  load  in  the  machine. 

The  following  may  be  quoted  from  the  report  of  government  en- 
gineers detailed  to  inspect  a  machine  similar  to  this  built  a  year  ago 
for  the  Xavy  Yard  in  Washington  :  "  We  also  tested  the  machine 
for  sensibility  both  before  and  after  subjecting  it  to  the  maximum 
strain,  without  finding  any  difference.     It  responds  promptly  to  a 
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weight  of  one  and  one-fourth  pounds,  which  may  be  taken  to  be  its 
maximum  error." 

The  preceding  example  is  the  way  in  which  the  machine  is  most 
commonly  called  to  act,  namely,  of  tension.  It  is,  however,  equally 
adapted  to  making  experiments  in  compression,  transverse  strains, 
sheering,  bulging,  punching,  and  torsion. 

In  Fig,  2  a  skeleton  specimen  will  be  seen,  calling  the  capacity 
for  transverse  tests  into  play.  The  transverse  blocks  40  and  40  are 
carried  to  and  fro  on  the  platform  by  means  of  screws  42,  so  that  they 
may  be  adjusted  with  reference  to  the  centre  of  the  testing-machine 
at  the  pleasure  of  the  operator.  Under  the  cross-head  C,  will  be 
observed  a  small  triangular  block  which  is  depressed  with  the  motion 
of  the  cross-head,  and  applies  the  stress  to  the  specimen  that  is  sup- 
ported on  the  hardened  steel  blocks  44.  These  hardened  steel  blocks 
are  semi-cylindrical,  and  rest  in  concavities  cut  in  the  top  of  the 
supports  40.  The  object  of  these  blocks  is  to  permit  the  piece  to 
freely  deflect  under  the  application  of  the  central  load,  while  at  the 
same  time  the  original  span  used  in  the  experiment  is  rigidly  pre- 
served, as  the  blocks  rotate  about  their  centres,  maintaining  a  constant 
distance  from  each  other.  By  removing  the  triangular-shaped  jaw 
from  the  under  side  of  the  cross-head  and  substituting  in  its  place  a 
flat  iron  plate,  and  placing  on  the  I-beams  underneath  a  similar 
plate,  the  machine  may  be  easily  and  readily  arranged  for  compression- 
tests.  In  these  three  examples  it  is  plain  that  the  entire  stress  to 
which  the  specimen  is  exposed  is  transmitted  through  the  piece  to 
the  platform.  In  the  case  of  the  tension-specimen,  a  downward  pull 
on  the  piece  is  transmitted  along  the  adjusting-screws  to  the  columns 
and  thence  downward  on  to  tlie  platform.  In  the  transverse  test, 
the  downward  pressure  of  the  cross-head  is  transmitted  to  the  sup- 
porting blocks,  thence  to  the  I-beam  A  A,  and  then  on  to  the  plat- 
form, and  in  the  case  of  the  compression  test  a  similar  result  is  ob- 
tained by  transmitting  the  pressure  directly  through  the  piece  to  the 
I-beams  A,  A,  so  that  in  all  conditions  and  under  all  forms  of  stress 
to  which  the  material  can  be  exposed,  the  test-piece  forms  the  only 
connection  between  the  weighing  apparatus  and  the  mechanism  em- 
ployed in  producing  the  stress  on  the  piece. 

Nearly  all  the  results  of  tests  are  so  largely  dependent  on  the 
skill  and  the  personal  equation  of  the  operator  manipulating  the 
testing-machine  that  very  naturally  much  hesitation  has  been  felt  in 
accepting  as  conclusive  the  results  so  obtained.  It  has  been  the  aim 
of  the  author  in  the  design  of  the  present  machine  so  to  arrange  its 
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construction  tliat  as  far  as  is  mechanically  possible  the  machine  itself 
shouM  lie  its  own  work,  thereby  eliminating  t\'om  the  result  all  per- 
sonal equation  on  the  part  of  the  operator.  One  of  the  greatest 
oiistacles  to  making  accurate  tests  has  been  the  difficulty  of  making 
the  axis  of  stress  of  the  machine  coincident  with  the  axis  of  the 
specimen.  In  making  experiments  on  wrought  iron  or  steel,  or  upon 
other  materials  which  have  a  more  or  less  ductile  character,  this 
objection  is  not  a  serious  one,  as  it  introduces  but  a  slight  error  in 
the  results.  In  experiments  on  cast-iron,  cast-steel,  or  other  ma- 
terials of  an  essentially  brittle  character,  the  slightest  cross  stress 
vitiates  the  results  by  introducing  stresses  into  the  test-piece  which 
are  entirely  contrary  to  those  desired,  and  which  produce  effects  not 
to  be  calculated. 

Bv  referring  to  Fig.  3,  a  device  for  enabling  the  machine  auto- 
matically  to  centre  the  test-piece  may  be  understood.  The  top  and 
tiie  bottom  cross-head  have  in  their  centres  a  large  spherical  con- 
cavity. This  concavity  contains  a  segment  of  a  sphere  into  which 
the  wedges  for  gripping  the  test-piece  are  placed.  The  spherical 
segment  is  made  of  steel,  turned  and  polished  as  smoothly  as  machine- 
work  can  make  it,  and  the  concavity  on  the  cross-head  is  lined  with 
the  best  anti-friction  Babbit  metal,  reducing  as  low  as  possible  the 
coefficient  of  friction  between  the  sphere  and  its  socket.  Let  it  be 
supposed  that  the  piece  is  placed  in  the  machine  eccentrically.  Tiie 
first  operation,  as  soon  as  the  screws  are  turned  and  the  lower  cross- 
head  commences  to  descend,  is  to  produce  a  slight  stress  on  the  piece. 
This  stress  comes  on  the  spherical  segments  eccentrically,  and  the 
tendency  is  immediately  to  swing  the  segments  in  their  sockets  and 
cause  the  axis  of  stress  in  the  machine  to  coincide  with  the  axis  of 
the  test-piece.  The  spherical  segments  in  question  weigh  about  200 
pounds.  They  are,  however,  carefully  supported  on  India  rubber 
springs  so  as  to  eliminate,  as  far  as  possible,  the  weight  of  the  seg- 
ment from  the  friction  in  its  socket.  But  suppose,  under  the  most 
unfavorable  circumstances,  that  the  whole  weight  of  the  segment 
does  come  on  the  joint,  the  coefficient  of  friction  is  not  over  two 
per  cent.;  consequently,  a  maximum  cross-strain  of  four  pounds  on 
the  test-piece  will  cause  the  segment  to  swing  and  to  adjust  itself  to 
the  axis  of  stress  through  the  piece.  As  this  weight  of  four  pounds 
is  less  than  half  the  reading  of  the  poise,  it  may  be  assumed  to  pro- 
duce no  sensible  effect  on  the  piece  to  be  examined.  Most  of  the 
testing  machines  now  in  use  require  a  careful  preparation  of  the 
test-piece  previous  to  an  examination.     If,  for  example,  it  is  wished 
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to  ascertain  the  strength  of  an  I-beam  or  a  channel,  it  is  necessary 
to  send  the  sha[)e  to  the  machine-shop  and  plane  out  a  piece.  This 
requires  much  time  and  quite  an  outlay  of  expense.  The  piece  is 
then  sent  to  the  testing-machine  and  broken,  causing  an  additional 
expense,  and  after  the  result  is  accomplished,  what  is  obtained? 
Simply  the  result  of  a  piece  cut  from  the  shape  which  may  or  may 
not  give  a  fair  knowledge  of  the  actual  strength  of  the  member  in 
question.  What  is  wanted  to  be  known  at  the  present  time  is  not 
the  strength  of  a  carefully  prepared  test-piece,  broken  under  special 
circumstances,  but  of  the  actual  bar  just  as  it  comes  from  the  rolls 
in  the  mill  itself. 

Engineers  want  to  know  the  strength  of  an  I-beam,  the  tenacity 
of  a  channel,  the  cohesive  strength  of  an  angle,  the  compressive  re- 
sistance of  a  post,  actually,  of  the  pieces  themselves,  and  not  a  cal- 
culated result  to  be  obtained  by  cutting  from  the  shapes  in  question 
a  test-piece  and  figuring  the  possible  result  of  the  whole  shape.  It 
has  been  the  aim  of  the  author  so  to  arrange  the  testing-machine 
that  full-sized  shapes  of  any  description  could  be  placed  therein  and 
broken  without  any  preparation  whatever.  The  advantages  of  this 
are  very  obvious,  for  it  not  only  saves  the  cost  and  time  necessary 
to  prepare  the  test-piece,  but  also  gives  the  desired  knowledge  of  the 
strength  of  the  full-sized  shape.  A  well-known  example  of  the 
desirability  of  this  may  be  quoted  in  the  experience  of  Capt.  Eads 
in  the  St.  Louis  bridge.  Test-pieces  of  the  steel  bolts  stood  in  the 
testing-machines  stress  of  90,000  pounds  to  the  square  inch.  Some 
circumstance  caused  Capt.  Eads  to  suspect  that  the  bolts  themselves 
would  not  reach  that  quantity,  and  after  building  a  testing-machine 
especially  for  the  purpose,  it  was  found  that  the  bolt  broke  at  some- 
thing like  40,000  pounds  per  square  inch.  If  the  St.  Louis  bridge 
had  been  built  on  the  90,000  pounds  supposition,  there  would  have 
been  one  more  instance  in  the  long  catalogue  of  engineering  dis- 
asters. 

The  spherical  segments  in  the  cross-heads  of  our  testing-machine 
have  four  sides  inclined  at  an  angle  of  about  twelve  degrees  to  the 
axis  of  the  machine.  Two  of  these  sides  are  curved  and  two  are 
straight.  By  using  a  number  of  wedges  with  sides  correspondingly 
curved  or  straight,  any  piece  of  whatsoever  section  may  be  com- 
pletely surrounded  by  the  wedges  and  gripped  on  all  sides  so  that  a 
channel,  an  angle,  an  I-beam,  a  tee,  or  a  star,  or,  indeed,  any  of  the 
shapes  now  rolled  in  the  mills,  may  be  placed  in  the  machine  and 
broken  in  full  size. 
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In  making  tlie  designs  for  tliis  tosting-niachine,  much  time  and 
labor  lias  been  spent  to  accomplish  the  third  qualification  introduced 
in  the  beginning  of  this  paper,  as  necessary  to  a  testing-machine, 
namelv,  the  ]>o\ver  of  autographically  recording  at  each  instant  of 
time  during  the  experiment  the  amount  of  stress  and  tiie  strain  pro- 
duced thereby  on  the  specimen.  To  the  best  of  the  author's  knowl- 
edge. Professor  Thui-ston,  of  the  Stevens  Institute,  was  the  first  to 
originate  the  idea  of  makino-  a  testinj>;-machine  in  such  a  manner  as 
to  record  graplucaliy  on  a  sheet  of  paper  the  result  of  the  test.  In 
187G,  at  the  Centennial  Exhibition,  Prof  Thurston  exhibited  a 
machine  designed  to  make  tests  in  torsion  and  to  record  the  action 
tliereof.  As  a  matter  of  history  it  maybe  stated  that  while  engaged 
in  examining  material  for  the  East  River  bridge,  in  1877,  the  author 
designed  and  built  the  first  machine  to  autographically  record  results 
of  the  exj>eriments  in  other  stresses  than  that  of  torsion.  While 
this  machine,  being  the  first  of  its  kind,  was  necessarily  crude  and 
imperfect,  it  gave  for  some  years  very  satisfactory  results,  and  is  still 
in  use  by  the  bridge  company. 

Referring  to  Fig.  3  (the  cross-section  of  the  machine),  it  will  be 
seen  that  a  pole  of  the  battery,  G,  is  attached  to  the  top  of  the  ad- 
justing screws  h  h.  These  screws  are  carefully  insulated  from  the 
rest  of  the  machine,  all  standing  on  a  rubber  base  and  passing 
through  a  rubber  bushing  held  in  the  interior  of  the  top  casting; 
consequently,  these  screws  with  their  corresponding  cross-head  are 
electrically  insulated  from  the  rest  of  the  testing- machine,  and,  being 
joined  to  one  pole  of  the  battery,  form  the  only  means  by  which  the 
current  can  flow  into  the  machine  itself 

As  soon  as  the  test-piece  is  placed  in  the  top  cross-head  it  becomes 
thereby  connected  with  the  battery.  On  the  lower  end  of  this  speci- 
men may  be  seen  a  small  clamp  carrying  an  electro-magnet.  One 
end  of  the  wire  of  this  magnet  is  in  connection  with  the  specimen, 
while  the  other  end  of  the  wire  is  joined  to  a  little  binding  screw  on 
top,  to  which  the  other  pole  of  the  battery  is  attached,  so  that  the 
current  actuating  this  magnet  flows  from  the  test-piece  under  ex- 
amination. It  will  be  also  seen  that  the  magnetic  clutch  K  for 
holding  the  driving  belt  of  the  tight  pulley  is  also  included  in  this 
part  of  the  battery  circuit.  As  long  as  the  specimen  remains  intact, 
the  current  flows  from  the  battery,  excites  the  two  magnets  and 
attracts  their  armatures.  When  the  rupture  of  the  test-piece  occurs, 
the  current  is  at  the  same  instant  broken,  the  magnets  are  demag- 
netized, the  clutch  is  released,  the  belt  slides  by  means  of  the  coun- 
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terpoise  weight  to  the  loose  pulley,  and  the  testing-machine  stops.  Ou 
the  top  of  the  specimen  nearest  to  the  upper  cross-head  is  attached 
a  second  clamp  carrying  a  small  sheave  or  pulley.  Around  this 
pulley,  parallel  to  the  specimen  and  attached  to  the  armature  of  the 
lower  clamp-magnet,  passes  a  flexible  steel  tape,  y. 

Referrino;  to  Fig.  4,  an  enlarged  view  of  the  specimen  and  clamp 
with  its  magnet  may  be  seen.  Here  it  will  be  noticed  that  the  tape, 
after  passing  along  the  specimen,  runs  down  to  a  pencil  or  stylo- 
graphic  pen,  that  is  carried  on  a  sliding  track,  placed  over  a  metal 
cylinder,  carrying  a  sheet  of  cross-section  paper.  It  is  at  once 
obvious  that  as  fast  as  the  specimen  elongates  under  the  action  of 
the  stress,  the  pencil  is  drawn  along  the  ways  of  the  cylinder, 
parallel  to  its  axis.  This  axis  (the  axis  of  X  of  analytical  geometry) 
is  assumed  to  be  the  axis  of  elongation.  Inasmuch  as  the  cross- 
section  of  the  tape  is  very  large  in  comparison  with  the  friction  of 
the  pencil  carriage  and  the  supporting  pulleys,  the  tape  itself  is  sub- 
jected to  comparatively  little  stress,  and  is  always  kept  tight  and  in 
its  place  by  means  of  the  counterpoise  weight  y' ;  consequently 
every  deformation  of  the  specimen  is  accurately  recorded  on  the 
cross-section  paper  by  a  corresponding  motion  to  and  fro  of  the 
pencil.  In  actual  practice  it  may  be  said  that  tlie  record  on  the 
cross-section  paper  corresponds  within  y~  of  an  inch  to  the  elonga- 
tion of  the  specimen,  and  this  for  ordinary  experimental  work  is 
sufficiently  near.  An  enlarged  view  of  the  clamp  with  its  magnet 
may  be  seen  in  the  figure.  It  will  be  noticed  that  the  clamp  is  sup- 
plied with  a  spring  and  screw  ro.  The  screw  is  employed  for 
securing  the  clamp  to  the  specimen,  and  the  spring  serves  to  take 
up  any  reduction  in  area  caused  by  the  drawing  down  of  the  piece, 
and  to  constantly  keep  the  clamp  tightly  secured  in  its  place.  Next 
to  the  magnet,  the  side  of  the  clamp  is  supplied  with  two  edges, 
one  rounded  and  one  sharp;  the  sharp  edge  slightly  indents  itself 
into  the  specimen  and  secures  the  clamp  rigidly  into  its  i)lace,  and 
forms  a  zero-mark,  from  which  the  percentage  of  stretch  may  be 
readily  calculated,  while  the  rounded  edge  prevents  the  clamp  from 
rocking,  and  at  the  same  time  allows  the  piece  to  stretch  freely. 
*  The  sharp  edges  of  both  are  placed  next  to  the  jaws  of  the  cross- 
head.  Consequently  it  is  very  rare  that  a  specimen  can  break  out- 
side of  these  knife-edges,  which  form  data-marks  of  reference  from 
which  the  per  cent,  of  elongation  may  be  recorded. 

The  autographical  record  of  the  deformation  of  the  specimen  is 
by  this  means   made  plain.     It  now  simply  becomes  necessary  to 
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record  at  the  ?aine  time  the  stress  producino-  the  deformation.  Turn- 
ing to  Fig.  0,  an  enlarged  view  of  the  beam  with  the  registering 
cylinder  may  be  obtained.  From  this  illustration  it  is  perceived 
that  the  beam  is  composed  of  two  parts — a  top  bar  and  a  lower  bar, 
each  carrying  its  appropriate  poise.  The  large  poise  is  ten  times  as 
heavy  as  the  small  one;  consequently  the  small  one  must  move  ten 
times  as  tar  as  the  large  one  to  produce  a  corresponding  effect  on 
the  scale.  The  entire  travel  of  the  small  poise  is  equivalent  to  a 
weight  of  10,000  pounds  in  the  testing-machine,  while  the  entire 
travel  of  the  large  one  is  equivalent  to  the  entire  capacity  of  200,000 
pounds.  On  the  end  of  the  beam  will  be  seen  two  mercui-y  cups, 
15  and  13.  The  skeleton  view  of  the  beam  with  its  apparatus, 
shown  in  Fig.  6,  may  perhaps  render  this  a  little  more  obvious,  and 
should  be  consulted  at  this  time.  (In  this  figure  the  mercury  cups 
are  marked  16  and  17.)  From  the  lower  cross-head  of  the  test- 
ing-machine, which  it  will  be  recollected  is  connected  with  the 
specimen  carrying  the  current,  the  electric  force  flow's  into  the  butt 
of  the  beam.  The  two  mercury  cups  at  the  end  of  the  beam  are  so 
arranged  that  when  the  beam  is  in  the  centre,  neither  cup  is  included 
in  the  electric  circuit,  which  is  consequently  broken.  If  the  force 
on  the  platform  increases,  the  beam  rises  and  the  upper  cup  is 
brought  into  the  circuit,  and  the  electric  current  begins  to  flow. 
Should  the  weight  in  the  testing-machine  decrease,  the  beam  falls 
into  the  lower  cup,  and  the  electric  circuit  is  also  completed  through 
that  one  by  the  drop  of  the  beam.  It  will  be  seen,  in  Fig.  6,  that 
the  lower  poise  on  the  beam  is  connected  by  means  of  the  steel  tape 
q  with  a  little  countershaft  r. 

This  countershaft  is  joined  by  an  open  and  crossed  belt  and  two 
magnetic  clutches  t*  and  f .  Tliese  clutches  are  placed  upon  the  shaft 
that  is  driven  by  the  clock-work  t.  When  the  beam  rises,  the 
magnetic  clutch  i*  is  excited  by  the  completion  of  the  circuit  through 
the  mercury  cup  16.  As  a  consequence,  the  small  poise  is  immedi- 
atelv  draw'u  out  along;  the  beam  tending  to  rebalance  it.  Should 
the  motion  of  the  poise  equal  the  weight  on  the  platform,  the  beam 
then  sinks  to  the  centre,  the  circuit  is  broken,  and  the  poise  stands 
still.  If  for  any  cause  the  force  on  the  platform  decreases,  the  beam 
drops  into  the  lower  cup,  the  magnetic  clutch  t  is  excited,  the  cross- 
belt  p'  begins  to  move,  and  the  poise  is  moved  backwards  on  the 
beam,  tending  again  to  rebalance  it. 

Returning  to  Fig.  5,  a  switch  will  be  seen  at  21,  so  placed  that 
when  the  small  poise  reaches  the  maximum  extent  of  its  travel  it 
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strikes  against  this  switch  and  automatically  closes  the  electric  cir- 
cuit, through  the  magnet  O'K  The  effect  of  this  circuit  is  to  excite 
the  magnet,  release  the  large  poise  g\  and  cause  it  to  move  out  a 
distance  which  is  exactly  equivalent  to  the  total  travel  of  the  small 
poise  on  the  lower  beam.  Instantaneously  with  tlie  motion  of  the 
large  poise,  the  beam,  superweighted,  drops,  closing  the  circuit  in 
the  lower  cuj),  and  returns  the  small  j)oise  to  the  butt  of  the  beam. 
It  is  thus  plain  that  the  rise  and  fall  of  the  beam  absolutely  con- 
trols the  motion  of  the  poises,  and  the  beams  form  an  automatic 
shunt  for  so  circulating  the  electric  current  as  to  cause  the  poises  to 
move  to  and  fro.  This  motion  of  the  beam  is  entirely  dependent 
upon  the  pressure  exerted  on  the  platform,  so  that  it  is  obvious  that 
the  piece  being  placed  in  the  testing-machine,  the  weighing  may  be 
done  by  the  machine  itself  automatically  in  a  way  far  more  sensitive 
and  accurate  than  is  possible  to  accomplish  by  any  hand-labor,  how- 
ever skilled.  In  order  to  accomplish  the  registration  of  the  motion 
of  the  poises,  which  is  all  that  is  necessary  to  record  the  stress  on 
the  specimen,  the  cylinder  previously  mentioned  is  magnetically 
connected  with  the  shaft  r,  so  that  as  fist  as  the  poises  travel  out,  a 
worm-gear,  connected  with  a  magnet  on  the  cylinder,  causes  the  cyl- 
inder to  revolve  circumferentially,  thus  making  the  axis  of  Y  the 
axis  of  stress.  The  motion  of  the  pencil,  as  previously  has  been 
shown,  records  the  deformation  of  the  specimen  ;  while  the  motion 
of  the  cylinder,  as  is  now  plain,  records  the  motion  of  the  poises. 
By  so  proportioning  the  pitch  of  the  worm-gear,  that  an  inch  on  the 
circumference  of  the  cylinder  corresponds  to  a  definite  number  of 
pounds  on  the  testing-machine,  it  becomes  an  easy  matter  to  read 
from  the  motion  of  the  cylinder  the  amount  of  force  which  has  been 
applied  to  the  specimen;  consequently  the  curved  line  that  is  marked 
on  the  cross-section  paper,  by  the  combined  motion  of  the  pencil 
under  the  influence  of  the  tape  and  of  the  cylinder,  gives  a  record 
whose  abscissae  and  ordinates  are  measures  respectively  of  the  stress 
to  which  the  piece  is  subjected  and  the  resulting  strain.  As  soon  as 
the  piece  breaks,  the  current  which  actuates  both  the  motion  of  the 
testing-machine,,  the  motion  of  the  tape  and  the  motion  of  the  cyl- 
inder, is  ruj)tured.  The  machine  stops,  the  beam  falls,  the  poise 
stands  still,  and  the  pencil  comes  to  rest,  leaving  the  record  on  the 
cross-section  paper  for  any  future  inspection. 

The  preceding  method  of  obtaining  autographic  diagrams  possesses 
many  advantages  for  adapting  it  to  testing-machines  that  are  to  be 
built  especially  compact.     There  is,  however,  another  method  of  ob- 
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tainingr  the  same  results  whereby  tlie  reii;istcring  cylinder  may  be 
looate^l  at  any  distance  from  the  testing-machine.  Figs.  7  and  8 
are  two  photo-engravings  from  the  beam  and  registering  cylinder 
employed  in  the  "  Department  of  Tests  and  Experiments."  In  Fig. 
7  it  will  be  seen  tliat  the  beam  consists  of  a  single  bar,  suspended  on 
a  stand  at  one  end  and  inclosed  in  a  guard  at  the  other,  while  on 
this  beam  there  rests  a  semicircular  brass  box,  forming  the  poise. 
Along  the  topof  tiie  beam  there  is  cut  an  exceedingly  fine  rack,  and 
the  motion  of  the  poise  is  obtained  by  a  pinion  i)lace(l  inside  the  box 
and  gearing  into  this  rack.  At  the  end  of  the  beam  may  be  seen 
the  mercury  cups  alluded  to  in  the  former  method  for  making  the 
electrical  connection  as  the  beam  rises  and  falls.  The  operation 
of  this  piece  of  apparatus  is  substantially  as  follows  :  The  clock-work 
motor  for  driving  the  poises  to  and  fro  on  the  beam  is  connected 
with  the  mercury  cups  by  means  of  some  brass  strips  placed  in  the 
rear  of  the  steel  bar  forming  the  beam.  These  strips  are  connected 
with  two  electro-magnets  on  the  inside  of  the  poise;  consequently, 
when  the  beam  rises  or  falls,  one  or  the  other  of  the  magnets  is  ex- 
cited, the  corresponding  train  of  clock-work  thrown  into  action,  and 
the  poise  quietly  rolls  to  and  fro  until  a  balance  is  re-established. 
This  part  of  the  apparatus — that  is,  the  accomplishment  of  the 
motion  of  the  poise  to  and  fro  on  the  beam — is  exceedingly  simple, 
the  knotty  part  of  the  problem  being  to  correlate  the  motion  of  the 
poise  witli  the  motion  of  the  cylinder  exactly,  so  that  in  the  given 
travel  of  the  poise  along  the  beam  the  cylinder  may  move  a  corre- 
sponding quantity. 

Of  course  the  ratio  between  the  two  movements  is  siraj)ly  a  matter 
of  proportioning  so  as  to  accommodate  an  ordinary  cross-section  sheet 
to  the  circumference  of  the  cylinder,  but  it  will  be  readily  seen  that 
an  exact  and  constant  ratio  is  a  very  important  point. 

To  solve  this  problem  was  to  accomplish  the  solution  of  one  an- 
alogous to  that  presented  by  the  autographic  telegraph,  the  electric 
clock,  and  similar  pieces  of  mechanism;  but  with  some  peculiar  fea- 
tures arising  only  in  this  special  instance.  To  go  a  little  more  into 
the  details  of  the  poise,  there  are  inside  of  the  brass  box  two  large 
wheels,  about  eight  inches  in  diameter.  The  wheel  placed  on  the 
front  of  the  poise  is  graduated  with  a  series  of  numbers.  The 
pinion  carrying  the  poise  along  on  the  beam  is  an  inch  in  circum- 
ference, and,  consequently,  a  single  revolution  of  the  pinion  carries 
the  poise  one  inch  along  the  beam.  The  wheels  are  secured  directly 
to  the  pinion  shaft,  so  that  there  can  be  no  backlash  between  them, 
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and  being  eight  inches  in  diameter  one  revolution  of  the  pinion 
causes  these  wheels  to  travel  about  twenty-five  inches  of  circumfer- 
ence. In  the  testing-machine  in  question  a  motion  of  one  inch  along 
the  beam  corresponds  to  a  weight  of  4000  pounds  in  the  testing-ma- 
chine. The  front  wheel  is  graduated,  being  subdivided  into  400  parts  ; 
each  of  these  parts  corresponds  to  ten  pounds  in  the  testing-machine. 
The  rear  wheel  of  the  })oise  is  constructed  in  precisely  the  same 
manner  as  the  front  wheel,  excepting  that  the  marks  on  the  dial  are 
replaced  by  little  strips  of  India  rubber,  so  that  the  wheel  presents 
a  series  of  teeth,  alternately  made  of  India  rubber  and  of  brass. 
On  this  wheel  there  presses  a  brass  commutator-strip  so  arranged  as 
to  include  the  cylinder  in  the  electrical  circuit.  As  soon  as  the  poise 
commences  to  move  along  the  beam  this  wheel  with  its  India  rubber 
spaces  commences  to  turn  under  its  commutator-strip,  and  with  every 
passage  of  a  tooth  under  the  strip  a  flash  of  electric  force  passes  into 
the  cylinder.  Turning  to  Fig.  9  a  detailed  drawing  may  be  seen, 
taken  directly  from  the  cylinder.  Here  it  may  be  observed  that  in- 
side of  the  cylinder  are  two  toothed  wheels.  Each  of  these  wheels 
is  mounted  on  the  central  shaft,  and  is  capable  of  being  ratcheted 
round  by  means  of  a  little  lever-arm  and  pawl  that  is  operated  by 
a  magnet  placed  dir-ectly  under  each  of  the  wheels.  One  of  these 
wheels  is  intended  to  drive  the  cylinder  in  one  direction,  and  the 
other  in  a  contrary.  One  electro-magnet  is  connected  with  a  mercury 
cup  on  the  bottom  of  the  beam,  and  the  other  with  a  mercury  cup  on 
the  top.  As  a  consequence,  as  soon  as  the  beam  makes  connection 
with  either  cup  and  the  poise  commences  to  travel,  the  corresponding 
electro-magnet  is  excited,  the  armature  acts  and  commences  to  ratchet 
the  wheel  around,  and,  by  means  of  the  connecting  gears  seen  at  the 
extreme  right  hand,  move  the  cylinder  in  one  way  or  the  other.  It 
will  thus  be  seen  that  if  the  gears  in  the  cylinder  are  properly  pro- 
portioned and  accurately  cut,  and  if  the  magnet  makes  a  stroke  for 
every  tooth  on  the  insulated  poise-wheel,  the  cylinder  will  be  moved 
through  an  amount  that  is  exactly  commensurate  with  the  motion 
of  the  poise  itself.  At  first  sight  it  would  seem  that  so  accurate  an 
arrangement  were  almost  impossible  to  construct;  so  it  is  with  all 
of  our  machines  of  precision,  yet  nobody  despises  a  Swiss  watch  or  a 
microtneter  gauge  on  account  of  the  possible  difficulties  in  manufac- 
ture. In  the  case  in  question  it  has  been  found  that  an  entire  revo- 
lution of  the  cylinder  may  be  made  to  correspond  with  the  complete 
travel  of  the  poise  along  the  beam  within  a  possible  error  of  one- 
hundredth  of  an  inch.     Now,  if  we  allow  the  strip  of  cross-section 
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]>ai>er  to  be  forty  inches  loiiji'  ami  2:ive  a  stress-reading;  of  4000 
pounds  to  the  incli,  one-hundredth  of  an  inch  corresponds  to  ibrty 
pounds.  Inasmuch  as  tliis  is  the  smallest  practical  reading  to  be 
made  on  eross-seotion  paper,  and  as  it  is  four  times  as  large  as  the 
smallest  reading  of  the  poise,  it  will  be  seen  that  this  error  of  one- 
hundredth  of  an  inch  in  the  entire  travel  of  the  cylinder  is  too  small 
to  be  taken  into  any  practical  account.  On  the  top  of  the  cylinder 
there  may  be  seen  a  track  carrying  a  carriage  and  pencil,  connected 
with  the  specimen  by  means  of  a  steel  tape  in  precisely  a  similar  way 
to  that  useil  in  the  method  previously  described.  Between  the  mo- 
tion of  the  cylinder  and  the  poise,  it  will  be  noticed  that  there  only 
exists  the  same  connection  as  occurs  between  any  two  telegraph  sta- 
tions ;  consequently,  if  it  be  desired,  the  machine  may  be  placed  in 
New  York  and  the  registering  cylinder  in  Cincinnati,  and  the  two 
work  absolutely  in  harmony  with  each  other;  or  should  it  ever  be 
deemed  expedient,  the  cylinder  may  be  inclosed  or  locked  up  in  a  way 
to  be  al)solutely  exterior  to  any  control  on  the  part  of  the  operator 
manipulating  the  testing-machine. 

An  old  proverb  has  said  that  "  the  proof  of  the  pudding  is  in  the 
eating,"  and  now  in  Fig.  10  may  be  seen  a  photo-engraving  made 
from  a  sheet  of  cross-section  paper,  on  which,  by  means  of  the  last 
method  in  question,  have  been  drawn  a  half-dozen  curves  corre- 
sponding to  as  many  test-pieces.  In  this  particular  sheet,  in  order 
to  economize  space,  the  vertical  scale  along  the  axis  of  Y  or  axis  of 
stress  has  been  made  10,000  pounds  to  the  linear  inch,  while  the 
distances  along  theaxisof  X  or  axis  of  stretch  (for  all  the  tests  here 
recorded  were  made  in  tension),  are  the  normal  stretches  of  the  pieces 
under  examination. 

The  cross- section  paper  has  been  ruled  in  feet  and  decimals  of  a 
foot,  and  each  of  the  specimens  wen;  one  foot  between  the  stretch- 
clamps  ;  consequently,  the  actual  stretch  of  the  specimen  may  be  at 
once  read  in  per  cent,  of  length.  The  lower  half  of  the  sheet  con- 
tains three  steel-curves,  which,  it  will  be  readily  seen,  bear  to  each 
other  a  strong  family  resemblance.  In  the  first  place,  the  curve 
commences  with  a  line  slightly  inclined  to  the  axis  of  stress  at  a 
constant  tangent,  or  one  which  may  be  expressed  by  the  equation, 
y  =  ax.  As  soon  as  the  elastic  limit  is  reached,  a  sudden  point  of 
inflection  occurs,  the  tangent  becoming  nearly  or  quite  parallel  to 
the  axis  of  X.  Very  soon,  however,  a  second  point  of  inflection 
occurs,  the  tangent  returns  nearly  or  quite  to  its  former  inclination, 
and  the  curve  takes  on  a  general  parabola  form.     In  fact,  nearly 
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all  steel-curves  are  cubic  parabolas  of  one  form  or  another.  The 
steel-curves,  as  well  as  that  given  by  the  specimen  of  Ulster  iron, 
may  be  taken  to  be  typical  forms  or  curves,  to  be  obtained  from  a 
material  which  is  nearly  or  quite  homogeneous.  Here  it  \vill  be 
seen  that  the  lines  are  quite  true  and  regular,  and  that  the  curve 
proceeds  over  the  cross-section  paper  witliout  any  special  irregulari- 
ties, until  the  maximum  stress  is  reached  shortly  before  the  speci- 
men breaks.  The  stress  then  commences  to  decrease,  owing  to  the 
rapid  reduction  of  area  of  the  piece  under  the  action  of  the  machine, 
and  with  the  reduction  of  tlie  stress  the  curve  drops  and  returns 
toward  the  axis  of  X,  until  very  shortly  the  specimen  is  ]-uptured, 
and  the  apparatus  comes  to  a  standstill.  The  other  three  curves, 
given  by  a  piece  of  boiler-plate  and  of  two  specimens  of  muckbar, 
are  very  good  examples  of  the  value  of  the  autographic  method  of 
giving  a  practical  indication  of  the  molecular  construction  of  the 
material  to  be  experimented  on.  As  is  well  known,  both  boiler- 
plate and  muckbar  are  decidedly  non-homogeneous,  and,  as  a  result, 
we  have  curves  here  that  are  exceedingly  irregular,  especially  after 
passing  the  elastic  limit.  While  they  bear  a  general  resemblance 
to  the  previous  ones,  they  are  full  of  points  of  inflection,  turning 
and  twisting  about,  and  giving  one  an  idea  that  the  specimen  con- 
sisted of  a  bundle  of  threads  or  fibres,  which  gradually  parted  under 
the  action  of  the  stress,  giving  anything  but  constant  and  uniform 
action.  For  a  general  record  of  the  test,  it  is  believed  that  the 
autographic  method  is  superior  to  anything  else.  At  the  same  time 
it  is  not  sufficiently  refined  for  accurate  investigation  into  the  limit 
and  modulus  of  the  elasticity,  inasmuch  as  it  is  impossible  to  read 
on  the  cross-section  paper  nearer  than  about  jffotl^  of  an  inch,  and 
inasmuch  as  any  arrangement  to  magnify  the  stretch  up  to  the 
elastic  limit,  would  give  the  elongation  after  passing  that  point  in 
such  dimensions  as  would  carry  it  far  beyond  the  capacity  of  any 
sheet  of  cross-section  paper  now  to  be  obtained  in  tiie  market. 

The  autographic  diagram  will  give  the  limit  within  a  thousand 
pounds  to  the  square  inch,  and  the  modulus  within  a  hundred 
thousand  pounds.  Yet,  for  many  purposes,  it  is  very  desirable  to 
know  these  quantities  and  obtain  a  nearer  approximation  to  these 
quantities,  and  in  Fig.  10  may  be  seen  an  illustration  of  a  piece  of 
apj)aratus,  devised  by  Colonel  William  H.  Payne  of  the  P]ast  River 
Bridge,  and  used  by  him  there  in  experiments  on  the  steel  to  be  used 
in  the  trusses.  It  will  be  seen  that  the  apparatus  consists  of  two 
steel  bars  A  and   B,  so  arranged  as  to  slide  parallel   to  each  other. 
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At  tlie  ends,  each  bar  is  snppliod  with  a  knife-edge  F,  held  in  a 
solid  piece  of  brass  M,  which  may  be  adjustetl  at  any  point  on  the 
bar.  By  means  of  these  knife-edges  the  wliole  apparatus  may  be 
clamped  to  the  specimen  by  nseof  the  springs  G  on  the  bar  A,  a  small 
steel  projection  O,  bears  against  one  of  the  knife-edges  of  a  multi- 
plying lever  C,  and  the  other  end  of  this  lever  comes  in  contact 
■with  the  supplementary  vernier  and  scale  D  and  E.  Now  as  the 
piece  nnder  examination  elongates,  the  bars  move  by  each  other, 
the  multiplying  lever  C  turns  on  its  fulcrum,  pushing  the  vernier 
T>  outwards  ahmg  its  scale.  Thus  it  is  obvious  that  the  whole 
apparatus,  after  being  placed  on  thespecimen,  works  entirely  without 
intervention  from  the  operator.  In  the  case  of  micrometer-screws, 
it  becomes  a  pretty  difficult  matter  for  the  same  person  to  make 
readings  twice  alike,  on  account  of  the  varying  coefficient  of  friction 
an<l  of  the  varying  personal  eqnation.  And,  again,  the  operation 
of  making  readings  with  micrometer-screws  is  exceedingly  slow,  and 
should,  as  in  the  case  of  hydraulic  machines,  the  pressure  have  any 
tendency  to  relax,  it  is  almost  impossible  to  obtain  a  correct  reading, 
whereas,  in  the  gauge  in  question,  the  reading  may  be  made  as  fast 
as  the  eye  can  gauge  the  coincidents  between  the  vernier  and  the 
scale.  While  making  many  thousands  of  steel  tests  for  the  East 
River  Bridge  at  the  works  of  the  Cambria  Iron  Company,  the  author 
used  this  gauge,  and  employing  one  man  to  place  the  weights  on  the 
beam,  was  accustomed  to  sit  where  the  vernier  of  the  stretch-gauge 
could  be  seen,  and  at  the  moment  that  the  beam  raised,  to  catch  the 
reading  of  the  scale.  Then,  the  entire  operation  of  making  a  test 
on  a  bar  a  foot  long  and  an  inch  square,  including  the  making  of 
some  twenty  or  thirty  readings,  did  not  occupy  more  than  eight  to 
ten  minutes,  which  is  a  speed  never  to  be  attained  by  any  arrange- 
ment of  micrometer-screws.  By  means  of  the  extension-rod  and 
clamp  L  and  M,  the  sliding  bars  of  this  piece  of  apparatus  may  be 
extended  to  any  desired  length,  and  by  this  means  it  becomes  an 
exceedingly  valuable  instrument  in  the  investigation  of  the  strains 
which  occur  in  structures  already  existing,  such  as  bridges,  roofs, 
and  the  like.  As  a  case  in  point,  may  be  mentioned  an  examina- 
tion by  the  author  at  the  opening  and  test  of  the  new  cantilever 
bridge  at  Niagara.  Two  gauges  were  employed  at  the  test  of  the 
cantilever,  vernier  A  being  secured  to  a  tie-bar  on  the  truss  ex- 
tending over  one  panel,  and  vernier  B  attached  to  a  bar  extending 
over  two  panels  from  the  anchorage  end  of  the  cantilever  on  the 
American  side.  Vernier  A  extended  over  a  distance  of  4.75  feet,  and 
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vernier  B  over  a  distance  of  5  feet  on  the  bars.  Readings  were  taken 
at  the  various  points  at  which  the  loading  trains  came  to  a  stand, 
and  gave  the  extensions  produced  by  a  quiescent  load.  During  the 
movement  of.the  trains,  the  verniers  fluttered  a  little,  showing  that 
even  at  slight  speed  there  is  a  sensible  effect  from  shock,  and,  as  the 
loaded  trains  moved  off  on  the  American  side,  there  was  a  negative 
reading  of  about  totooct^'^  ^^  ^  f*^*^^?  showing  that  the  bar  was  un- 
dergoing a  slight  compression. 

The  following  are  the  readings  of  the  verniers,  reduced  to  a  length 
of  one  foot  of  bar: 

Train  at  the  Canadian  abutment,  vernier  A,  .         .         .         .     j-^Jq-^q  of  a  foot. 

«  U  l<  <(  T>  12  <' 

■D,     .  •  •  •      TT!5o55 

Train  at  Canadian  tower,  vernier  A, liSoo'os  " 

11  <(  <(  T)  7  2  l< 

-D.  .  •  ...        loofliJff 

Train  at  Canadian  end  of  centre  span,  vernier  A,        .         .     TsVVa^  " 

Train  at  American  abntment,  giving  tlie  maximum  strains 

in  the  law  under  examination,  vernier  A,  .         .         .       ynWoJ  " 

II  u  II  (I  T>  212  « 

-">  ...  10(3555 

Centre  span,  entirely  loaded,  vernier  A,      .         .         .         .       Ts\°o%a  '' 

"  '<  '<  "  11  ^i_n_2_  " 

-*'>        •  •  •  •  lOOOOlT 

Bridge  unloaded,  verniers  returned  to  zero,  assuming  the  modu- 
lous  of  elasticity  of  the  I-beams,  the  following  stresses  per  square 
inch  are  obtained  from  the  preceding  measurements  : 

Bar  extending  over  two  panels,  ....     6,780  pounds. 

Bar  extending  over  one  panel,  ....     5,280  pounds. 

According  to  the  strain  obtained  from  the  bridge  engineers,  the 
maximum  load  in  the  long  bar  should  be  7,1 90  pounds,  thus  giving 
a  difference  of  only  400  pounds  between  the  calculated  load  and  the 
load  obtained  by  these  gauge  measurements. 

In  conclusion,  a  word  as  to  the  practical  accuracy  of  the  lever 
testing-machine  may  not  be  out  of  place.  The  machine  under  con- 
sideration has  been  subjected  to  severe  use  for  a  period  of  nearly  two 
years,  during  which  time  its  sensitiveness,  even  when  loaded,  has 
not  decreased  to  the  least  reading  on  the  poise.  From  this,  and 
from  long  practice  in  similar  scale-work,  it  may  be  safely  stated  that 
a  testing-machine,  with  proper  care,  may  have  an  exceedingly  long 
life.  The  attainment  of  absolute  accuracy  in  any  department  of  in- 
vestigation, would,  if  it  were  possible,  be  an  extremely  desirable  re- 
sult, yet  even  our  best  experiments  are  simply  close  approximations 
to  the  truth,  and  I  think  it  will  be  granted  that  it  is  desirable  to 
make  all  improvements  commensurate  towards  an  absolute  standard 
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of  accunioy.  It  is  of  no  importance  to  carry  tlie  accuracy  of  the 
weight-beam  beyond  the  possibility  of  the  measurement  of  the  bar. 
Supjwse  the  tests  most  frequently  made,  to  be  those  on  specimens 
having  about  a  square  inch  of  cross-section.  In  a  piece  of  iron  of 
this  size,  an  error  of  measurement  of  To'^^th  of  a  square  inch  of  cross- 
section,  corresponds  to  a  possible  inaccuracy  in  the  ultimate  calcu- 
lated stress  of  the  bar  of  50  pounds,  while  the  corresponding  quan- 
tity in  the  steel  bar  corresponds  to  about  70  to  90  pounds. 

There  are  very  few  lathes  in  the  country  in  which  it  is  possible 
to  turn  a  bar  so  exactly  that  it  shall  be  perfectly  round,  and  that 
there  shall  be  no  variation  from  one  end  to  the  other  of  more  than 
j^ySg-jjth  of  a  square  inch.  Now  if  it  be  impossible  to  measure  the  size 
of  test-bars  to  within  an  error  of  50  to  100  pounds  in  the  testing- 
machine,  is  it  of  any  importance  to  refine  the  machine  beyond  this 
reading  ?  In  the  lever  system  of  testing-machine,  it  is  perfectly 
possible  to  obtain  a  machine  which  shall  uniformly  and  constantly 
give  readings  which  shall  not  have  a  greater  variation  than  from  5  to 
20  pounds  ;  and  if  bars  can  only  be  measured  to  50  to  100  pounds, 
would  it  not  be  wiser  to  spend  money  in  refining  measuring  in- 
struments, rather  than  in  the  refining  of  the  testing-machine? 

When  tests  are  made  on  full-sized  members,  or  on  bars  direct 
from  the  rolls,  carrying  with  them  the  scale  and  the  other  imperfec- 
tions from  the  mill,  the  possibility  of  measuring  to  a  thousandth  of 
a  square  inch  becomes  absui'd,  and  even  three  or  four  hundredths 
of  a  square  inch  is  the  nearest  approximation  that  can  be  made ; 
for  example,  in  making  a  test  on  an  ordinary  I-bar  of,  say,  5  or  6 
inches  of  cross  section,  it  is  certain  that  the  bar  was  anything  but  an 
absolutely  uniform  section  from  end  to  end,  and  how  long,  may  it 
be  asked,  would  it  take  to  measure  that  bar  so  that  the  least  cross- 
section  could  be  obtained  for  the  record  ?  And  again,  in  actual 
experience  it  has  been  frequently  found,  that,  having  obtained 
what  is  supposed  to  be  the  least  cross-section,  the  test-piece  may 
break  in  a  totally  different  place.  I  think  it  will  be  conceded, 
without  doubt,  that  practical  engineers  care  very  little  for  test- 
records  beyond  the  hundredths-place  of  figures,  and  what  is  wanted 
at  the  present  time,  is  not  so  much  the  machines  constructed  on  a 
theoretical  refinement  of  accuracy,  but  a  large  number  of  practical 
machines,  so  that  one  may  be  located  in  every  iron-works  in  the 
country,  and  money  enough  to  carry  on  the  experiments  and  to  ob- 
tain from  these  machines  a  practical  knowledge  of  what  America's 
constructive  materials  really  are. 
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A  NEW  MINERAL. 

BY  NELSON  W.    PERRY,   E.M.,    CINCINNATI,  O. 

Some  months  ago  a  gentleman  gave  me  a  handful  of  minerals 
which  he  had  collected  in  an  arroyo,  or  dry  stream-bed,  that  ran 
through  the  town  of  Ramos,  State  of  San  Luis  Potosi,  Mexico,  as  a 
sample  of  the  class  of  ore  that  might  be  expected  in  the  mines  of 
that  section.  I  was,  however,  familiar  with  those  mines  and  their 
ores,  and  cast  the  pebbles  aside  as  of  no  interest.  I  afterwards  re- 
turned to  Mexico  and  took  charge  of  two  groups  of  mines,  one  in 
the  State  of  Zacatecas,  and  the  other  in  the  town  of  Ramos,  State  of 
San  Luis  Potosi.  While  I  was  thus  engaged,  it  was  a  very  frequent 
occurrence  for  parties  to  bring  me  specimens  of  rock,  ores,  etc.,  for 
my  opinion  on  them ;  and  one  day  a  man  brought  me  a  half-dozen 
or  more  small  ])ieces  of  a  very  black  shiny  mineral,  desiring  to  know 
what  it  was.  I  did  not  recognize  it,  and  desired  liim  to  give  me  the 
specimens  for  analysis,  which  he  promised  to  do  in  a  day  or  two. 
He  never  did  give  them  to  me,  for  he  lost  them  ;  but  he  said  there 
were  plenty  more  where  these  came  from — at  Ramos — and  he  could 
get  them  at  any  time  for  me.  I  thought  no  more  of  the  matter 
until  after  my  return  to  this  country,  when,  one  day,  in  looking 
over  some  of  my  old  "  trash,"  I  came  across  the  specimens  at  first 
referred  to  as  having  been  cast  aside  so  carelessly,  I  noticed  two 
distinct  minerals  among  the  pebbles  :  one  being  erubescite  or  tetra- 
hedrite,  the  predominating  mineral  of  the  mines  of  Ramos,  and  the 
other  a  hard  black  shining  mineral,  the  same  that  I  had  wished  to 
analyze  in  Mexico.  On  testing  for  hardness  I  was  surprised  that  it 
scratched  topaz  with  some  degree  of  ease,  thus  placing  it  above  8  in 
the  scale  of  hardness.  Trying  it  with  a  corundum,  I  sometimes 
succeeded  in  scratching  it,  but  at  other  times  it  would  scratch  the 
corundum,  and  at  still  other  times  neither  would  produce  the  slight- 
est effect  on  the  other.  Crystallized  topaz  would  be  ground  to  a 
powder  in  attempting  to  scratch  the  black  mineral,  without  abrading 
it  in  the  slightest.  It  must,  therefore,  be  placed  at  9  in  the  scale  of 
hardness. 

It  is  of  the  deepest  opaque  black,  not  unlike  pitch-blende  in  ap- 
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pearaiu^  ;  but  the  edges,  of  extremely  thin  splinters,  show  a  slight 
tninslueeiicv,  and  by  transmitted  light  appear  of  a  dirty  greenish- 
brown.  Also,  these  *ime  edges  are,  with  diflieulty,  fusible  at  the 
highest  heat  of  the  blowpipe,  with  slight  appearance  of  boiling  while 
in  the  flame,  but  hardening  to  a  very  smooth  glossy  surfaee  imme- 
diately they  are  removetl. 

Under  the  microscope,  with  a  power  of  something  over  three  hun- 
dred dianietei's,  the  mineral  appears  to  be  of  entirely  homogeneous 
comj)ositiou,  no  trace  whatever  of  admixed  matter  having  been 
noticed.  There  was,  however,  an  appearance  on  some  of  its  surfaces 
of  bubbles,  some  of  them  extremely  minute,  and  only  seen  with  a 
very  high  power,  others  of  considerable  size  and  readily  visible  to 
the  naked  eye.  Other  surfaces — those  of  fracture — showed  no  bub- 
bles, even  with  the  highest  power  brought  to  bear. 

The  specific  gravity  varies  considerably  in  different  specimens, 
the  following  being  the  results  obtained  from  six  different  speci- 
mens : 

No.  1,  3.82  ;  Xo.  2,  3.805;  No.  3,  3.805;  No.  4,  3.856  ;  No.  5, 
3.869;  No.  6,  3.827  ;"  average,  3.83. 

It  was  not  discovered  that  these  various  specimens  differed  in 
hardness. 

The  fracture  is  decidedly  vitreous,  conchoidal.  The  mineral  is 
brittle.  When  ground  to  an  impalpable  power  in  an  agate  mortar, 
it  is  very  light  gray  in  color;  but  when  ground  in  a  steel  mortar, 
and  sifted  through  several  thicknesses  of  the  finest  muslin,  it  is  very 
much  darker,  though  still  considerably  lighter  in  color  than  the 
lump.  This  is,  doubtless,  partly  due  to  an  addition  of  silica  from 
the  mortar,  in  the  first  case,  but  more  largely  to  a  finer  state  of  sub- 
division and  different  shape  of  the  particles — the  one  being  the  re- 
sult of  attrition,  the  other  of  impact. 

The  specimens  observed  show  no  signs  of  cleavage-planes,  or  crys- 
tallization, but  seem  to  have  been  fused  and  to  have  taken  the  form 
of  the  cavity  into  which  they  had  run  while  in  a  viscid  state.  One 
specimen  in  particular,  it  is  true,  looks  very  much  like  an  octahe- 
dron, but  I  take  it,  this  is  merely  accidental. 

It  is  insoluble  in  acids  and  extremely  difficult  to  decompose,  even 
with  verj-  large  excess  of  the  mixed  potassium  and  sodium  carbo- 
nates, and  long  fusion  over  the  blast-lamp. 

A  preliminary  analysis  of  a  sample,  ground  in  an  agate  mortar, 
gave  the  following  percentage  composition : 
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SiOj 46.32 

Fe^Og, 13.00 

AI2O3, 9.19 

CaO, •.        .        .  17.74 

MgO, 13.13 

Mn02,         ..........  trace 

Total, 99.38 

This  gives  a  molecular  composition  as  follows : 

SiOj, 9.50 

FeA; 1-000 

Al.Pa, 1.097 

CaO, 3.874 

MgO, 4.04 

A  second  determination  of  SiOg  gave  48.865,  according  to  which 
the  molecular  composition  would  be : 

SiOj 9.86 

FeA, 1-000 

AIA 1-097 

CaO,^ 3.874 

MgO, 4.04 

This  corresponds  very  closely  with  the  relation  2R2O3 :  8R0  : 
lOSiOa,  or,  more  simply, 

EA  :  4R0  :  5Si02. 

Qualitatively,  this  mineral  resembles  the  garnets,  but  quantita- 
tively it  differs  from  them  widely,  as  the  above  relations  of  bases  to 
acids  indicate. 

The  foregoing  analysis  is  simply  given  to  show  about  what  the 
composition  is,  but  is  not  claimed  to  be  accurate,  since  it  is  too  high 
in  silica,  which  the  sample  acquired  from  the  mortar  in  grinding. 

To  sum  up  then,  this  mineral  is  fusible  with  difficulty  ;  hardness, 
9 ;  specific  gravity,  3.83  (average  of  six  deterraination.s) ;  not  at- 
tacked by  HCl,  HNO3,  H.^S04,  or  aqua  regia ;  in  composition,  a  sili- 
cate of  CaO,  MgO,  AljOjj  ^^^^  Fe023,  with  an  apjiroximate  relation 
between  bases  and  acids  of  R2O3 :  4R0  :  5810^ ;  opaque  black ;  frac- 
ture, conchoidal ;  lustre,  vitreous;  color,  greenish-brown  by  trans- 
mitted light. 

I  find  no  record  of  any  mineral  at  all  resembling  this  in  compo- 
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sition  and  i^hvsioal  properties,  and,  therefore,  siu;t!;o?t  for  it  the  name 
of  •'  Ramosite,"  from  the  name  of  the  U>cality  wliere  it  was  found. 

I  will  add  that  the  country  for  many  miles  in  all  directions  from 
the  point  where  the  mineral  was  found  is  voleanio  in  orii>;in  ;  that 
the  mineral  has  never  been  found  in  situ,  but  always,  so  far,  in  the 
alluvium,  and  that  its  matrix  is  i)robably  the  trap-rock,  by  the  de- 
composition of  which  it  has  been  left  as  now  found. 

Discussiox. 

Dr  T.  Eglestox,  New  York  City  :  I  would  like  to  ask  Professor 
Perry  whether  any  microscopic  examination  of  this  mineral  was 
made  with  polarized  light. 

Professor  Perry:  No,  sir. 

Dr.  Egleston  :  I  thought  you  said  you  had  made  a  miscroscopic 
examination. 

Professor  Perry  :  Of  very  thin  splinters  by  transmitted  light. 

Dr.  Egleston  :  That  would  determine  at  once  almost  to  what 
system  the  mineral  belongs, — by  cutting  a  section  for  examination 
by  polarized  light, — it  would  be  easier,  and  by  it  we  could  ascertain 
a  good  deal  more  nearly  what  the  truth  is.  It  looks  a  good  deal 
like  certain  varieties  of  corundum.  I  think  the  octahedral  form  is 
accidental. 

Professor  Perry  :  Possibly,  but  some  of  the  forms  show  dis- 
tinctly that,  in  some  cases,  at  least,  it  flowed  in  liquid  form  into  a 
mould,  and  solidified  there. 

Dr.  Eglkston  :  I  would  like  to  ask  about  some  topazes  you 
sent  me.     What  is  their  occurrence  ? 

Professor  Perry  :  In  very  beautiful  crystals.  I  have  here 
some  very  fine  specimens  of  the  topaz,  which  I  will  pass  around. 
This  topaz  occurs  in  a  trachytic  formation. 

The  range  of  mountains  constituting  at  this  point  the  divide  of 
the  Mexican  continent  is  of  red  porphyry.  Over  the  bottom-land 
there  is  an  outflow  of  trap-rock,  and  on  the  other  side  of  the  valley 
is  an  isolated  butte  of  trachyte.  This  trachyte  contains  millions  of 
minute  crystals  of  topaz,  and  the  detritus  in  the  stream-beds  is  made 
up  of  these  minute  crystals  of  tojiaz,  together  with  j)articles  of  the 
country-rock.  There  is  a  locality  of  over  fifty  acres  where  these 
crystals  are  comparatively  abundant.  One  can,  in  a  day's  work, 
collect  a  pint  of  fair-sized  crystals.  I  have  a  specimen  of  trachyte 
from  that  section  of  the  country,  which  I  brought  for  the  purpose 
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of  representing  the  occurrence  of  these  crystals.  It  is  as  large  as  a 
hen's  egg,  and,  I  presume,  contains  not  less  than  a  thousand  crystals 
of  topaz.  Those  of  the  largest  size  are  somewhat  rare.  All  of  them 
appear  with  one  termination  perfect,  or  nearly  so. 


THE  DISTRIBVTION  OF  STEAM  IN  CITIES. 

BY   WM.    P.    SHINN,   NEW   YOKE   CITY. 

In  a  paper  contributed  by  W.  A.  Goodyear,  M.E.,  on  "Water 
Gas  as  Fuel,"  read  at  the  Boston  Meeting,  February,  1883,*  the 
following  statement  was  made  : 

"The  latest  experiments  on  a  scale  of  some  magnitude  in  our  cities,  in  the  way 
of  heating  bnildings  and  furnishing  power  for  manufacturing  purposes,  have  been 
by  the  distribution  of  high-pressure  steam  througii  pipes  laid  in  the  streets.  But 
these  experiments  (1)  have  not  hitherto  been  very  successful ;  and  when  we  consider 
the  high  cost  and  (2)  the  great  and  unavoidable  loss  of  heat  and  power,  which 
always  accompany  the  conveyance  of  high-pressure  steam  to  any  considerable  dis- 
tance in  pipes,  to  say  nothing  of  (3j  certain  practical  difficulties  in  the  management 
of  the  pipes  themselves,  (4)  it  is  evident  that  all  such  methods  miist  eventually 
disappear  before  a  system  which  can  furnish  a  cheap  gas  of  great  heating  power, 
easily  distributed  wherever  wanted,  without  requiring  pipes  to  stand  pressures  of 
50  to  75  pounds  per  square  inch,  and  (5)  without  keeping  the  whole  mass  of  ground 
in  the  streets  through  which  it  passes  hot,  gratis,  for  a  distance  of  ten  or  fifteen  feet, 
in  all  directions  around  the  pipes." 

For  the  purpose  of  controverting  Mr.  Goodyear's  statements  in 
regard  to  steam-distribution  in  cities,  I  have  numbered  the  points 
made  in  his  indictment,  my  principal  object  being,  not  a  professional 
discussion  of  the  technical  and  theoretical  merits  of  steam  vs.  water- 
gas,  but  a  simple  statement  of  facts,  in  regard  to  the  present  state  of 
the  street  system  of  steam  distribution. 

Taking  Mr.  Goodyear's  points  in  their  order : 

1.  Concerning  what  he  terms '*  These  experiments,"  saying  that 
they  "  have  not  hitherto  been  very  successful,"  I  propose  to  show, 
that  the  problem  of  steam-distribution  has  passed  beyond  the  exper- 
imental stage,  and  that  its  practical  solution  is  highly  successful. 
This  will  be  shown  by  the  facts  hereinafter  fully  set  forth. 

2.  "The  great  and  unavoidable  loss  of  heat  and  power  whicn 
always  accompany  the  conveyance  of  high-pressure  steam  to  any  con- 

*  Transactions,  Vol.  XI.,  p.  301. 
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siderablc  distance  in  pipes  " — is  no  longer  a  correct  statement  of 
facts.  The  New  York  Steam  Company  is  now  carrying;  steam  in 
five  miles  of  mains,  endinj::  at  points  from  one-half  to  five-eighths 
of  a  mile  from  the  boiler-honse.  Carefnl  investigation  shows  that 
with  a  pressnre  of  75  to  85  ponnds  at  the  boiler-house,  the  loss  of 
pressure  at  the  ends  of  the  pipes  averoffes  hro  pounds,  while  a  care- 
fully conducted  series  of  experiments  upon  the  loss  by  condensation, 
places  it  in  a  mile  of  pipe,  at  five  per  cent,  of  the  capacity  of  the 
pipe.  This  means  that  if  a  system  of  any  number  of  miles  does  not 
extend  beyond  a  mile  from  the  boilers,  the  loss  will  not  exceed  five 
per  cent,  on  the  capacity  of  the  main. 

3.  The  "certain  practical  difficulties  in  the  management  of  the 
pipes  themselves,"  I  suppose  to  refer  to  their  expansion  and  contrac- 
tion. These  diffii-ulties  have  been  so  successfully  overcome  by  the 
expansion  joint  invented  by  Mr.  Chas.  E.  Emery,  engineer  of  the 
Xew  York  Steam  Co.,  that  they  give  no  trouble  whatever. 

4.  "  It  is  evident  that  all  such  methods  must  eventually  disappear," 
etc.  What  may  "eventually"  occur,  he  would  be  a  bold  man  that 
would  either  affirm  or  deny  ;  suffice  it  to  say,  what  is:  that  steam- 
distribution  is,  at  present,  extending  faster  and  yielding  better  and 
more  practical  results  than  "  water-gas  as  fuel." 

5.  "  Without  keeping  the  whole  mass  of  ground  ....  hot,  ^ra- 
tis,  for  a  distance  often  or  fifteen  feet,"  etc.  That  this  inference  is 
not  warranted,  is  shown  by  the  fact  that  the  pipes  of  the  New  York 
Steam  Co.,  which  are  laid  from  five  to  nine  feet  below  the  surface, 
do  not  radiate  heat  fast  enough  to  melt  the  snow  in  ordinary  winter 
weather,  any  sooner  over  their  location  than  it  is  melted  elsewhere 
in  the  street  by  atmospheric  influences  alone.  It  is  no  answer  to 
this,  to  ^ay  that  the  street  steam-pipes  laid  elsewhere  or  by  others 
do  melt  the  snow.  That  only  indicates  careless,  cheap  or  improper 
construction.  Where  mineral  wool  is  used  freely,  as  an  insulating 
covering  to  the  pipes,  excessive  radiation  of  heat  does  not  occur. 

The  system  of  steam-distribution  invented  by  Birdsill  Holly,  M. 
E.,  has  been  in  successful  oi)eration  in  Lockport,  N.  Y.,  for  heating 
only,  for  seven  years.  The  company  has  four  and  a  half  miles  of 
mains,  six  75  hurse-power  boilers,  and  supplies  over  two  hundred 
consumers.  During  the  first  four  years,  it  was  operated  with.out  me- 
ters, at  a  loss.  W^hen  meters  were  adopted,  three  boilers  were  suffi- 
cient to  supply  the  customers  who  formerly  required  the  steam  from 
six.     The  capital  of  the  company  is  $50,000,  and  it  is  earning  net 
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20  to  25  per  cent,  per  annum.  The  largest  main  is  4  Inches  in  di- 
ameter, and  the  pressure  carried  is  30  to  35  pounds. 

In  Springfield,  Mass.,  the  system  has  been  in  use  for  five  winters, 
for  heating  only.  The  company  has  two  and  a  quarter  miles  of 
mains,  and  eight  75  horse-power  boilers.  The  pressure  carried  is  20 
to  40  pounds.  The  company  has  196  consumers,  and  on  an  invest- 
ment of  $50,000,  has  earned  net  12  to  15  percent,  per  annum,  since 
the  second  year.  The  steam  is  sold  by  meter,  and  readings  are  taken 
weekly. 

In  Dubuque,  Iowa,  the  system  has  been  in  operation  for  five 
winters,  with  two  and  one-eighth  miles  of  mains,  and  seven  50  horse- 
power boilers.  The  company  is  supplying  250  horse-power  of  steam 
to  140  consumers  for  heating  purposes  only.  The  plant  was  con- 
structed too  cheaply,  and  has  not  been  a  financial  success.  It  is  now 
earning  a  small  surplus,  and  consumers  are  all  delighted  with  the 
service. 

In  Denver,  Colorado,  the  system  has  been  in  use  during  four 
years,  for  heating  only.  The  company  has  nearly  three  miles  of 
eight,  six,  four  and  three-inch  mains,  and  fifteen  50  horse-power 
boilers,  supplying  150  consumers.  Upon  an  investment  of  $150,000, 
the  company  earned  net,  during  the  season  of  1882-83,  $7863,  or 
6j^g  per  cent.,  and  the  net  savings  for  the  season  of  1883-84  were 
estimated  at  $10,000,  or  6|  per  cent. 

In  Hartford,  Conn.,  a  steam-plant  has  been  in  o{)eration  during 
four  seasons,  with  nearly  two  miles  of  6-inch,  4-inch  and  3-inch 
mains,  and  twenty  80  horse-power  boilers.  This  company  carries 
60  pounds  pressure,  and  supplies  150  consumers,  principally  for 
heating.  The  plant  was  poorly  constructed  upon  plans  designed  to 
evade  the  Holley  patents,  and  has  not  been  profitable,  but'is  paying 
expenses,  and  improving  in  its  results. 

In  Lynn,  Mass.,  a  "duplex  system"  was  put  in  operation  in  Feb- 
ruary, 1881,  and  was  run  until  July,  1883.  This  plant  had  a  high- 
pressure  main  in  which  70  pounds  pressure  was  carried,  and  a  low- 
pressure  main  carrying  20  pounds,  the  former  being  used  for  power 
and  the  latter  for  heating.  I  personally  examined  this  plant  in 
October,  1881,  and  again  in  June,  1882,  and  found  it  working  suc- 
cessfully and  giving  great  satisfaction  to  its  customers  for  power,  the 
only  ones  then  using  the  steam.  The  plant  was  poorly  constructed, 
the  boiler-house  was  badly  located,  and  the  company  failed  finan- 
cially; and  in  July,  1883,  the  plant  was  sold  to  a  com[)any,  to  be 
used  for  the  distribution  of  water-gas.     It  has  been  so  used  during 
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the  heatin£:  .■season  just  endinp:,  with  a  less  favorable  result  than  was 
reached  by  the  steani-conipany. 

In  New  Haven,  Conn.,  a  company  has  been  in  operation  for  two 
seasons,  with  about  two  miles  of  8-ineh,  G-inch,  5-iiich  and  4-inch 
mains,  and  ten  75  horse-power  boilers.  The  plant  was  constructed 
on  the  "duplex  plan,"  and  during  the  first  season  furnished  both 
power  and  heat ;  but  during  the  past  season  it  has  furnished  500 
horse-power  of  steam  to  80  consumers  for  heating  only.  The  finan- 
cial results  have  been  bad,  the  earnings  having  failed  to  pay  expenses, 
principally  on  account  of  bad  management. 

In  Troy,  N.  Y.,  and  Detroit,  Mich.,  steam-plants  have  been  in 
operation  from  three  to  four  years;  but  I  have  no  definite  informa- 
tion as  to  their  results. 

In  Milwaukee,  Wis.,  a  plant  was  constructed  and  operated  during 
two  wiutei's,  but  owing  to  fiiulty  construction  and  still  worse  man- 
agement, it  was  a  financial  failure ;  and  it  has  not  been  in  operation 
during  the  last  two  seasons. 

The  Xew  York  Steam  Company,  after  two  years  spent  in  making 
plans  and  trying  experiments  in  expansion-joints  and  in  non-con- 
ducting materials,  began  building  its  first  boiler-station  in  the 
summer  of  1881,  and  commenced  laying  street-mains  in  September, 
1881. 

The  company  now  has  its  boiler-station  (B)  on  Greenwich  street 
above  Cortlandt,  in  this  city  (a  building  75  X  100  feet  on  the  ground, 
with  a  basement  and  three  stories  complete,  and  the  fourth  story 
covered  by  a  temporary  roof),  containing  31  Babcock  and  Wilcox 
250  horse-power  boilers,  of  which  there  are  on  the  first  floor  4,  on  the 
second  floor  12,  and  on  the  third  floor  15.  The  fourth  floor  contains 
the  coal-bins,  the  coal  being  hoisted  in  cars,  upon  a  platform-hoist, 
and  descenfling  in  chutes  to  the  floor,  alongside  each  boiler. 

The  building  is  designed  to  be  six  stories,  or  120  feet  in  height 
above  the  basement,  and  is  to  contain  64  boilers  of  250  horse-power 
each,  16  on  each  of  four  floors,  the  fifth  and  sixth  stories  to  be  in 
one,  to  contain  Green's  Economizers,  and  storage  for  one  thousand 
tons  of  coal. 

The  total  capacity  of  the  station  will  be  16,000  horse-power,  re- 
quiring a  daily  consumption  of  600  to  750  tons  of  anthracite  coal. 
Draught  will  be  furnished  by  two  chimneys,  each  27  feet  10  inches 
X  8  feet  4  inches  interior  section,  and  217  feet  high  above  the  base- 
mejit-floor. 

The  grant  to  the  company  covers  the  right  to  lay  its  pipes  in 
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"every  street,  alley  and  public  place"  in  the  city  of  New  York, 
which  contains  over  250  miles  of  paved  streets;  and  the  company 
now  owns  the  property  for  ten  boiler-stations,  distributed  on  both 
sides  of  the  city,  from  near  the  foot  of  Broad  street  to  Fifty-sixth 
street. 

The  map  herewith  given  shows  the  city  from  Chambers  street  to 
the  Battery  Park ;  and  upon  it  are  indicated,  in  black  lines,  the 
mains  now  laid,  while  the  black  dots  show  the  locations  of  buildings 
in  which  steam  is  furnished  by  the  company.  The  point  A  is  to 
be  the  site  of  a  second  boiler-station,  while  B  indicates  the  boiler- 
station  now  in  operation. 

The  system  of  mains  consists  of  a  steam-main  of  6  inches  to  16 
inches  diameter,  and  a  return  water-main  of  2^  inches  to  8  inches 
diameter,  the  former  laid  between  brick-walls,  and  surrounded  by 
6  inches  to  12  inches  of  mineral-wool,  and  the  latter  laid  in  hollow 
logs,  with  a  space  of  3  inches  around  the  pipes,  also  filled  with 
mineral-wool.  The  pipes  are  laid  with  an  anchorage  every  90  to  100 
feet,  and  a  double  expansion-joint  midway  between  the  anchorages — 
or  with  an  anchorage  and  single  expansion-joint  every  45  to  50  feet. 
The  expansion-joint  is  of  the  diaphragm  style,  invented  by  Mr.  Emery 
for  this  company's  use. 

The  mains  now  laid  are  as  follows : 


Steam-mains. 

Return  Water- 

mains. 

Of  16 

inches 

.      746  feet. 

Of  6 

nches 

.      5037  feet. 

"  15 

.     9884    " 

"  5 

u 

. 

.       1155     " 

"  13 

.     1683    " 

"  4 

a 

, 

.     11900     " 

"  11 

.     4147    " 

"  2^ 

ti 

. 

.      3800     " 

"     8 

.     1091    " 

"     6 

Total, 

.     5802    " 

Total, 

23,353  feet. 

21,892    feet. 

Or  4.42  miles  of  steam-mains,  and  4.14  miles  of  return  mains, 
in  all  8.56  miles  of  pipes,  exclusive  of  service-pipes. 

The  most  distant  point  to  which  steam  is  now  delivered  is  3359 
feet  from  the  boiler-station;  and  the  other  extremities  are  3187, 
3133,  3044,  2973,  2920,  2880,  2625,  2261  and  2077  feet  respectively, 
from  the  boiler-station. 

The  pressure  carried  is  75  to  85  pounds  at  the  boiler-station,  and 
carefully  conducted  tests  show  the  pressure  at  the  extreme  points  to 
be  from  1^  to  2  pounds  less  than  at  the  boiler-station. 

The  company  has  been  furnishing,  during    March,  1884,  4156 
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horse-power  of  steam  to  consumers,  of  which  1985  liorse-power 
wiu?  for  power,  and  2171  horse-power  for  heating  and  other  purposes. 

Among  the  consumers  now  sup[)Hed  are: 

The  l^roduce  Exchange,  new  buiUling. 

The  Mutual  Life  Insurance  Company,  new  building. 

The  New  York  Tribune. 

The  New  York  Commercial  Advertiser. 

The  New  York  World. 

The  Iron  A(/e. 

United  Bank  Building. 

Smith  and  McNeil,  Restaurant. 

All  of  these,  excepting  the  two  first  named,  formerly  had  their 
own  boilers,  and  now  take  their  entire  steam-supply  from  this  com- 
pany. 

Engines  are  being  run  of  from  1  to  150  horse-power,  and  the 
supply  of  steam  is  regular,  constant  and  satisfactory. 

The  amount  of  capital  actually  invested  in  the  Station  B,  and  its 
street-system,  is  $1,086,320.79,  of  which  only  one-half  the  capacity 
is  at  present  being  utilized ;  but  the  operations  are  now  on  a  paying 
basis,  the  net  earnings  being  at  the  rate  of  $20,000  per  annum,  or 
about  two  per  cent,  of  the  cost,  and  this  in  the  second  year  of  opera- 
tion. When  Station  B  is  operated  at  its  full  capacity,  much  greater 
economy  will  be  realized,  and  its  net  earnings  are  expected  to  be  15 
to  20  per  cent,  on  the  amount  of  the  investment  in  that  part  of  the 
company's  system. 

From  the  report  of  a  committee  appointed  by  the  Secretary  of 
the  Treasury  to  examine  and  report  upon  the  system  of  the  New 
York  Steam  Company,  the  meraberif  of  which  visited  the  principal 
customers  of  the  company,  I  quote  the  following: 

"Many  other  places  where  the  Steam  Company  is  furnishing  heat  and  power 
might  have  been  visited,  but  we  deemed  tliose  herein  mentioned  as  sufficient  both 
in  number  and  importance  to  show  tliat  the  system  is  no  longer  an  experiment,  but 
a  decided  success. 

"  The  advantages  claimed  for  the  system,  as  set  forth  by  its  projectors  in  their 
printed  pamphlet,  we  do  not  consider  overdrawn. 

"  Wherever  introduced,  the  danger  from  fire  or  explosion,  or  both,  is  materially 
lessened,  a  more  even  temperature,  greater  cleanliness,  and  consequently  better  air 
and  health  are  secured  ;  room  used  for  storage  of  coal,  ashes  and  the  debris  incident 
to  the  running,  cleaning  and  repairing  of  large  boilers  located  on  the  pren)ises,  is 
made  clear  for  other  purposes,  and  the  extra  heat  from  such  boilers,  which  renders 
valuable  rooms  over,  or  near  them,  unbearable  in  summer,  is  done  away  with. 

"That  steam-heat  and  power  can  be  furnished  by  the  New  York  Steam  Company 
at  a  coal  not  to  exceed  that  paid  for  them  by  the  present  methods,  with  the  advan- 
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tages  enumerated  thrown  in,  there  does  not  appear  to  be  any  doubt;  and  that  with 
correctly  registering  meters  and  care  exercised  in  the  consumption  of  steam,  they 
can  be  had  at  a  cost  considerably  below  the  old  system,  is  highly  probable." 

The  report  sets  forth  the  advantageous  working  of  the  system 
quite  as  well  as  could  the  officers  of  the  company  ;  and,  being  the 
opinion  of  disinterested  persons  selected  for  their  capacity  to  make  a 
careful  investigation  and  an  intelligent  report,  it  must  be  accepted  as 
conclusive. 

I  claim  therefore,  that  the  system  of  street-distribution  of  steam 
in  cities  is  not  a  failure,  but  that,  considering  the  limited  time  for 
which  it  has  been  tried,  it  is  a  decided — an  unusually  decided — success. 


NOTES  ON  IRON-OBE  DEPOSITS  IN  PITKIN  COUNTY, 

COLOBADO. 

BY  W.    B.    DEVEREUX,   ASPEN,    COL. 

I  HAVE  observed  three  deposits  of  iron  ore  in  Pitkin  County, 
which  present  unusual  characteristics,  and  which  seem  to  throw  some 
light  upon  the  genesis  of  iron  ores  under  certain  conditions.  They 
occur  in  the  precipitous  mountain  ranges,  forming  spurs  on  the 
Pacific  slope  of  the  main  continental  backbone. 

The  first  is  a  body  of  limonite,  lying  upon  the  side  of  a  high 
mountain,  which  forms  part  of  the  base  of  Hayden's  Peak.  This 
limonite  forms  a  sheet  of  considerable  area,  and  is  thin  at  the  edges, 
and  about  3  feet  in  thickness  in  the  central  portions.  It  is  conform- 
able with  the  slope  of  the  mountain  side,  and  rests  upon  the  eroded 
rocks,  but  is  not  comformable  to  them. 

The  ore  is  laminated  and  shaly  in  texture,  and  has  the  physical 
characteristics  of  the  hard  limonites,  such  as  are  found  in  the  Mar- 
quette District,  Lake  Superior.  It  is  covered  with  loose  earth  and 
rocks,  from  1  td  2  feet  in  thickness.  Much  of  the  ore  is  filled  with 
impressions  of  spruce  leaves,  such  as  are  found  in  the  f  )rests  now 
covering  the  slope  of  the  mountain.  In  the  rocks  forming  the 
mountain,  iron  pyrites  occurs  in  bodies,  and  this  limonite  probably 
owes  its  origin  to  such  a  body  not  far  distant.  Not  far  up  the 
mountain  large  masses  of  conglomerate  are  now  forming,  the  cement- 
ing material  being  a  similar  hydratcd  oxide  of  iron.     The  iron  is 
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evidently  tlopositod  bv  the  oxidation  of  ferrous  sulpliate.  In  view 
of  the  evidently  recent  origin  of  these  limonites,  their  hard  compact 
character  seems  somewhat  unexpected.  Analyses  of  this  ore  give 
about  55  per  cent,  metallic  iron  and  8  per  cent,  silica. 

A  few  miles  distant  I  found  limonite  of  almost  the  same  chemical 
composition,  filling  a  fissure  vein  in  quartzite.  The  vein  has  been 
opened  to  a  depth  of  30  feet,  and  a  sample  of  20  tons  gave  by 
analysis : 

Silica, 11.64  per  cent. 

Inm, 55.22  per  cent. 

Silver,  .........     1  ounce  per  ton. 

This  ore  occurs  in  layers  parallel  to  the  walls,  which  are  nearly 
vertical,  and  is  generally  hard  and  dense.  In  addition,  it  shows  the 
botryoidal  structure  of  the  so-called  kidney  iron-ores,  viz.,  the 
rounded  masses  with  radiations  from  the  centre,  and  the  delicate 
stripings  of  various  forms  at  right  angles  to  the  radiating  lines.  In 
the  massive  specimens  small  cavities  occur,  lined  with  minute  trans- 
parent quartz  crystals. 

The  width  of  the  ore  is  generally  less  than  2  feet,  and  the  vein 
can  be  traced  for  some  distance.  Plydrated  sesquioxide  of  iron,  re- 
sulting from  the  decomposition  of  pyrites  in  place,  is  a  not  uncom- 
mon occurrence  in  veins;  but  I  do  not  recollect  having  seen  else- 
where in  a  vein  a  similar  deposit  of  botryoidal  limonite.  The  ques- 
tion naturally  arises  as  to  the  source  of  the  solution  from  which  this 
limonite  was  undoubtedly  deposited.  I  could  see  nothing  which 
could  form  the  basis  of  a  rational  explanation,  and  leave  it,  there- 
fore, as  a  matter  for  conjecture. 

Neither  of  the  two  deposits  described  is  of  special  economic  im- 
portance; but  a  third,  which  is  located  about  twelve  miles  up  the 
same  valley,  will  bear  comparison  with  the  most  important  iron-de- 
posits in  the  United  States.  Superficially  it  seems  to  be  a  body  of 
magnetite,  extending  upward  from  an  elevation  of  about  11,000  feet, 
and  crossing  a  spur  of  Taylor  Range.  I  only  examined  the  lower 
end,  but  was  told  that  it  extended  more  than  a  tnile;  and,  as  far 
as  I  could  see,  the  surface  indicated  that  this  was  the  case.  The 
country  rock  consists  at  this  point  of  limestone.  I  have  made 
no  study  of  it,  but  believe  it  is  referred  to  the  Silurian  in  the 
geological  maps  of  Colorado.  The  strata  are  very  much  disturbed 
at  this  point,  and  lie  at  an  acute  angle  to  the  vertical.  Although 
much  concealed  by  debris,  the  mass  of  magnetite  shows  direct  con- 
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tact  with  the  limestone,  whether  as  a  vein  or  as  an  irregular  mass,  I 
cannot  say.  The  outcrop  is  several  hundred  feet  in  width,  and  is 
cut  longitudinally  by  a  deep  ravine  extending  up  the  side  of  the 
mountain.  Upon  the  sides  of  this  ravine  is  a  large  quantity  of  loose 
ore,  through  which  immense  masses  of  solid  ore  protrude,  often 
forming  walls  of  considerable  extent.  This  ore  is  nearly  pure 
magnetite,  showing  occasional  spots  of  pyrites  and  a  little  cal- 
oite.  It  is  hard,  but  shattered  by  cleavages.  At  the  lower  end, 
where  it  appears  to  be  cut  off,  included  masses  of  limestone  may 
be  seen.  Cavities  are  plentiful,  but  small,  and  stained  brown. 
Physically  the  ore  is  massive  and  partially  crystalline,  and  shows  a 
few  octahedral  crystals.  An  analysis  of  a  sample  taken  from  a  lot 
of  30  tons  from  the  surface  gave  me  the  following  result : 

Silica,   .         .         . 1.7  per  cent. 

Iron, 68.79       " 

Sulphur, 0.24      " 

The  remainder  was  calcite,  not  determined ;  nor  was  any  phos- 
phorus-test made. 

While  in  doubt  as  to  the  relation  this  ore-body  bears  to  the  lime- 
.stone,  I  hazard  the  opinion  that  the  magnetite  is  a  direct  product  of 
the  decomposition  of  iron  pyrites,  and  that  the  ore-body  at  no  great 
depth  is  massive  pyrites  instead  of  massive  magnetite.  I  base  this 
opinion  upon  the  following  facts:  Although  the  surface-ore  is  quite 
free  from  sulphur,  pyrites  rapidly  increases  in  depth  where  the  ore 
has  been  opened  up.  Efflorescence  of  ferrous  sulphate  is  also  com- 
mon ;  and  in  the  bed  of  the  ravine  the  ore  is  a  mixture  of  pyrite  and 
magnetite,  the  latter  appearing  as  a  fine-grained  gray  matrix,  and, 
when  pulverized  or  broken  off,  being  strongly  attracted  by  the  mag- 
net. This  rapidly  increasing  percentage  of  pyrite,  the  occurrence  of 
the  two  minerals  in  intimate  juxtaposition,  and  the  fact  that  no  in- 
termediate stage  of  hematite  occurs,  all  oppose  the  application  to  this 
case  of  the  ordinarily  accepted  theory  that  magnetite  is  a  metamor- 
phic  derivative  from  hematite.  Having  had  the  advantage  of  a 
somewhat  extensive  observation  of  iron-ore  deposits,  and  accepting 
as  satisfactory  in  many  cases  the  theory  just  mentioned,  yet  in  this 
case  I  can  see  nothing  .which  will  permit  its  use  as  an  explanation 
of  the  facts.  If  this  magnetite  is  a  derivative  from  hematite,  the 
facts  observed  would  indicate  that  it  has  suffered  a  further  change 
from  magnetite  to  pyrite — such  change  extending  from  below  up- 
wards.    This  ore  contains  a  trace  of  silver  also,  but  no  copper.     It 
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may  be  interesting  to  note  that  pieces  of  the  limestone  referred  to 
as  forminiT  the  adjoiiiinir  countrv-rook,  emit,  when  stniok  with  a 
hammor,  tho  o<lor  of  suIphinvttiHl  hytlrojjen.  Althougii,  as  remarked 
above,  I  believe  that  this  ore-body  will  he  massive  pyrites  at  no 
great  dt'|>th,  yet  in  the  indicated  superficial  area  there  must  certainly 
be  an  immense  quantity  of  magnetite  of  excej)tional  purity. 

Furthermore,  a  down-grade  of  forty-five  miles  will  take  this  ore 
to  extensive  fields  of  fine  coking  coal. 

Sinw  writing  the  above,  I  have  been  using  this  magnetite  as  flux 
in  smelting  argentiferous  lead-ores  with  barite  gangue,  iron-niattc 
beiuiT  one  of  the  products.  The  separation  of  the  sulphur  in  matte 
is  easily  and  satisiiictorily  accomplished. 


NOTE  COIf^CEBNING  CEB TAIN-  INCRUSTATIONS  ON 
PIG  IRON. 

BY  KENNETH  ROBERTSON,  JERSEY  CITY,   N.    J.,    AND  FRANK  FIRM- 
STONE,   EASTON,   PA. 

Peculiar  crusts  having  appeared  on  certain  irons  made  at  Glen- 
don  and  Pequest,  which,  in  our  experience,  were  entirely  new, 
some  analyses  of  them  were  made;  and  these  analyses,  together  with 
an  account  of  the  manner  of  appearance  of  the  crusts,  are  herewith 
submitted  to  the  Institute. 

At  Pequest  the  ores  were:  -^- Peters,  from  Ringwood,  N.  J. ;  ^ 
roasted  sulphurous  ore,  from  Charlotteburgh,  N.  J.;  and  ^  red  ore 
(decomposed  magnetite),  from  Chester,  N.  J.  The  fuel  was  f  Lehigh 
anthracite  and  ^  Connellsville  coke,  and  the  limestone  a  dolomite 
from  Andover,  N.  J.  The  resulting  iron  varied  in  silicon  from  0  84 
per  cent,  in  No.  1  foundry  to  0.51  per  cent,  in  gray  forge  ;  in  phos- 
phorus, from  0.81  per  cent,  to  0.55  per  cent.;  sulphur,  0.035  per 
cent.;  manganese,  0.375  per  cent.  It  was  highly  "chilling"  in  its 
properties,  and  very  strong.  In  running,  it  invariably  appeared  to 
be  of  a  lower  grade  than  it  really  was;  the  higher  grades  scintillat- 
ing as  much  as  hard  iron  usually  does.  After  getting  into  the 
moulds,  and  beginning  to  cool,  a  black  crust  began  to  show  itself, 
seeming  to  exude  from  the  pigs,  till  finally,  when  the  iron  was  cold 
enough  to  break,  it  completely  covered  the  face  of  the  pigs.  At  this 
time  it  was  dense  black,  but  after  some  exposure  to  the  air  it  ac- 
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quired  a  purplish  tinge.  The  higher  the  grade  of  the  iron  the 
heavier  was  the  coating ;  being  very  heavy  on  foundry  irons,  a  little 
less  on  gray  forge,  and  hardly  perceptible  on  mottled,  while  on  white 
iron  it  was  entirely  wanting.  After  some  experience,  it  served  to 
give  a  very  correct  idea  as  to  what  the  grade  was  before  the  iron  was 
broken,  and  was  in  this  respect  a  much  more  reliable  guide  than  the 
appearance  of  the  iron  while  running. 

A  sample  was  scraped  off  the  faces  of  the  pigs  as  they  came  from 
the  cast-house  and  analyzed  with  the  Ibl lowing  result : 

Sesquioxide  of  iron,  . 38.41 

Silica, 45.69 

Alumina, 3.56 

Oxide  of  manganese,          .         . 4.97 

Lime, 1.61 

Magnesia, 0.66 

Titanic  acid, 5.59 

Pliospiioric  acid, 0.06 

Sulphuric  acid, ..........  trace 

Chromic  oxide, 0.48 

Moisture 0.24 

101.27 

Afterwards  a  portion  was  taken  from  the  iron  which  had  been 
exposed  to  the  weather  for  some  months,  and  the  following  partial 
analysis  was  made  in  the  laboratory  of  Dr.  Drown  : 

Silica, ■ 23.68 

Titanic  acid, 4.43 

Manganese, 2.92 

Vanadic  acid, 1  82 

The  difference  in  the  percentages  of  silica  in  the  two  analyses  is 
doubtless  caused  by  the  pig-bed  sand  having  been  weathered  off  the 
second  sample.  The  reporting  of  chromic  oxide  instead  of  vanadic 
acid  in  the  first  analysis,  was  probably  an  error  of  the  chemist,  who 
is  now  repeating  the  analysis. 

The  cinder  which  accompanied  this  iron  was  very  basic,  contain- 
ing only  34  per  cent,  to  37  per  cent,  silica.  This  composition  was 
made  nece.s.sary  by  the  sulphur  in  the  ore-mixture. 

The  crusts  on  the  iron  at  Glendon  do  not  differ  nuich  in  appear- 
ance and  mode  of  occurrence  from  those  above  described  from  Pe- 
quest,  cxce|)t  that  they  are  best  seen  on  No.  2  iron,  from  which  they 
may  be  easily  detached  by  scraping  with  a  knife,  while  they  adhere 
pretty  firmly  to  the  No.  1  iron. 
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A  s:\mple  taken  from  Xo.  2  iron  gave  the  followinsj  composition 
when  analyzeil  by  Mr.  P.  W.  Shimer  in  Dr.  Drown's  hiboratory  : 

Silioii, hO.'M] 

SesqnioxWe  of  iron, 32.11 

Oxiile  of  ni!Uigj"i^e, i^i^O 

Lime, 0.10 

Magne^iia,          ..........  none 

Titanic  aoid, 5. 77 

Vanadic  acid, 1.15 

Phosphoric  acid, 0.12 

99.57 

It  was  easy  to  see  that  the  sanij)le  was  h\rojely  contaminated  with 
sand  and  dust  from  the  pis^  bed,  which  could  not  be  separated  in 
collectinor  it;  and  from  this  source,  no  doubt,  came  most  of  the  silica 
in  this  case. 

Such  crusts  are  very  common  on  the  iron  at  Glendon,  and  the 
iron  timt  shows  them  is  certain  to  be  of  good  quality,  and  esi)ecially 
to  chill  well ;  but  the  absence  of  the  crust  is  no  proof  that  the  iron 
will  not  be  good  in  that  respect. 

On  iron  made  at  Longdale,  Va.,  with  charcoal  and  cold  blast, 
what  was  doubtless  a  similar  thing  was  seen;  but  as  no  charcoal 
iron  has  been  made  there  for  .some  nine  years  past,  it  has  been  im- 
possible to  procure  a  sample  for  analysis.  This  was  also  a  good 
chilling  iron. 

The  ores  from  which  these  irons  were  made  are  entirely  dissimilar; 
the  cinders  were  different,  and  the  only  things  in  common  appear  to 
be  the  incrustations  and  the  lowness  in  silicon.  Enough  is  not  yet 
known  about  the  matter  to  enable  one  to  say  positively  that  these 
crusts  occur  on  all  chillino;  irons.  For  this  reason  this  note  was 
written,  in  the  hope  that  some  members,  having  remarked  such  occur- 
rences, might  be  induced  to  publish  their  obvervations,  and  that 
comparisons  might  be  made,  by  which,  if  possible,  a  law  might  be  es- 
tablished. It  is  even  hoped  that,  when  sufficient  data  have  been  accu- 
mulated, some  one  of  an  imaginative  turn  of  mind  may  be  induced 
to  hazard  a  theory  as  to  the  cause  of  the  production  of  the.se  crusts, 
which,  while  it  will  doubtless  be  entertaining,  will  as  certainly  prove 
to  have  "no  money  in  it." 

Drscu-ssiON. 

I.  P.  Pardee,  Stanhope,  X.  J.:  We  have  had  the  same  deposit 
on  our  pig  iron  at  Stanhope.  X.  J.,  or,  at  least,  what  I  suppose  is 
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the  same,  since  the  description  of  the  crust  on  the  Glendon  and 
Pequest  irons  would  answer  for  that  at  the  Musconetcong  Iron  Com- 
pany's furnaces.  My  attention  was  first  called  to  it  about  a  year 
ago,  and  I  found  that  when  there  was  much  of  this  powder,  the  iron 
was  exceedingly  gray,  although  it  ran  and  sparkled  much  like  hard 
iron.  When  the  iron  was  gray-forge,  little  or  none  of  this  powder 
was  ever  seen.  The  pig,  on  analysis,  proved  very  low  in  silicon, 
running,  if  I  remember  correctly,  about  0.58  per  cent.  Si;  and,  on 
testing  the  iron  as  to  its  chilling  qualities,  the  test  would  show  almost 
a  solid  white,  the  iron  being  very  gray  No.  2.  We  do  not  use  any 
hematite,  or  any  very  sulphurous  ores.  The  ores  are  all  New  Jersey 
magnetite,  ^  of  the  mixture  having  1.25  per  cent.  S,  and  the  re- 
maining f  having  no  apjireciable  amount  of  sulphur. 

George  Auchy,  Durham  Iron  Works,  Riegelsville,  Pa.  {com- 
munication to  the  Secretary) :  I  am  the  chemist  who  made  the  first 
analysis  cited  in  this  paper.  On  hearing  that  Dr.  Drown's  assistant 
had  found  vanadic  acid  in  the  material,  I  procured  from  him  a  por- 
tion of  the  sample  he  had  used.  This  I  have  carefully  analyzed 
(not  looking  at  the  figures  from  Dr.  Drown's  laboratory  until  my 
own  had  been  obtained),  and  the  results  as  to  silica,  titanic  acid, 
and  manganese  agree  closely  with  his,  as  will  be  seen  below. 
On  the  other  hand,  I  found  both  chromic  oxide  and  vanadic  acid, 
and  determined  the  fornier  repeatedly  and  with  special  precautions. 
As  will  be  seen,  however,  the  amount  is  considerably  less  than  I 
found  in  the  first  sample,  in  which  I  no  doubt  overlooked  the  pres- 
ence of  vanadic  acid.  I  regret  that  the  small  quantity  available 
from  the  second  sample  did  not  permit  rae  to  determine  the  vanadic 
acid  also.  It  will  be  seen  that  the  total  of  my  determinations  is 
only  98.46. 

The  results  I  obtained  are  as  follows  : 

Ferric  oxide  (FeA),        •         •     .•        •        •        •        •        •  <57.00 

Silica ' 22  84    . 

Alumina^ none 

Manganese  oxide  (Mn;,04), 3.80 

Lime, 0.04 

Magnesia, none 

Titanic  acid, 4.45 

Chromic  oxide  (Cr.A), 0.15 

Moisture 0.18 

98.4G 

Iron, 40.90 

Manganese, 2.74 
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The  al'jsence  of  alumina  ami  magnesia,  and  the  smaller  amount 
of  lime  in  the  seeond  sample,  may  be  due  to  the  eleaner  condition 
of  the  sample,  as  mentii>ned  in  the  j>aper  to  explain  the  <liminntion 
in  silica.  It  is,  however,  tjuite  liUely  that  the  comj)o.sition  of  the 
crust  is  not  unitbrm. 
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BY  GEORGE  W.  MAYXARD,  NEW  YORK  CITY. 

In  the  death  of  Sir  William  Siemens,  the  Institute  loses  its  most 
distinguished  honorary  member,  one  who,  without  exaogeration,  may 
be  ranked  among  the  greatest  men  of  the  century.  In  justification 
of  this  claim,  I  quote  in  part  the  words  of  two  other  men  eminent  in 
the  walks  of  science. 

Professor  Huxley,  addressing  the  Royal  Society,  sj)oke  of  Siemens 
as  "a  marked  example  of  vast  energy,  large  scientific  acquirements, 
and  intellectual  power  of  a  high  order,"  and  as  one  "  who  had  no 
superior  in  fertility  and  ingenuity  of  invention,  while  hardly  any 
living  man  so  thoroughly  combined  an  extensive  knowledge  of  sci- 
entific principles  with  the  power  of  applying  them  in  a  commercially 
successful  manner.  The  value  of  his  numerous  inventions  must  be 
measured,  not  merely  by  the  extent  to  which  they  have  increased 
the  wealth  and  convenience  of  mankind,  but  by  the  favorable  re- 
action on  the  progress  of  pure  science  which  they,  like  all  such  in- 
ventions, have  exerted,  and  will  continually  exert." 

Dr.  Wedding,  in  his  address  before  the  Fe)*gtn  z'ur  Beforderimg  des 
Gewerbejleisses  in  Preussen,  speaks  of  Siemens  as  being  "so  fortunate 
as  to  combine  German  erudition  with  British  activity  in  such  a 
manner  that  both  nations,  German  as  well  as  English,  were  equally 
proud  of  him  ;  and,  now  that  his  rich  life  is  ended,  regret  is  expressed 
on  lw)th  shores  of  the  North  Sea,  first  by  the  Germans  that  his  entire 
life  had  not  been  spent  in  Germany,  and  his  powers  dedicated  to 
Germany,  and  by  the  English  that  he  was  not  born  a  Briton." 

Germany  may  well  be  proud  of  being  the  birth-place,  not  only  of 
such  a  man,  but  of  such  a  family;  for  where  in  history  shall  sve  find 
in  a  single  family  such  a  wide  range  of  knowledge  so  successfully 
apj)lied  to  the  arts?  The  least  distinguished  name  in  the  following 
list  has  added  to  the  world's  knowledge  enough  to  satisfy  the  desire 
for  fame  of  any  ordinary  man.     This  constellation  is  made  up  of: 
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Carl  Wilhelra  Siemens, 

Ernst  Werner  Siemens, 

Carl  Heinrich  Siemens, 

Friedrich  Siemens,  ^ 

Georg  Siemens,  and 

Ludwig  Siemens. 

For  the  information  contained  in  the  pre-ent  brief  memoir,  I  am 
largely  indebted  to  various  published  accounts.  The  most  complete 
life  which  I  have  found  is  that  published  l)y  JNIr,  W.  T.  Jeans  in 
The  Creators  of  the  Age  of  Steel.  I  have  also  drawn  information 
from  Mr.  J.  S.  Jeans'  obituary  notice  in  the  Journal  of  the  Iron  and 
Steel  Institute. 

For  what  his  fimily  pronounces  the  most  accurate  sketch  of  our 
distinguished  fellow-meuiber's  early  life,  I  am  indebted  to  the  ad- 
dress of  Dr.  Wedding  above  referred  to,  kindly  furnished  me  by  Mr. 
Wilhelm  Siemens,  son  of  Dr.  Werner  Siemens,  of  Berlin. 

Carl  Wilhelm  Siemens  was  born  at  Lenthe  in  Hanover,  April  4th, 
1823,  and  died  in  London,  November,  1883.  He  was  a  son  of  one 
of  the  village  officials.  His  first  school-training  was  in  the  Cathari- 
neura  at  Liibeck,  followed  by  a  course  at  the  Commercial  School  in 
Magdeburg. 

In  Liibeck,  the  German  guild-system  was  in  full  f)rce;  and  he 
repeatedly  referred  to  it  in  after-life.  "  When  a  boy  at  school,"  he 
says,  "  I  was  living  under  the  full  vigor  of  the  old  guild-system. 
In  going  through  the  streets  of  Liibeck  I  saw  '  Carj)enters'  Arms,' 
'Tailors'  Arms,'  'Goldsmiths'  Arms,'  and  'Blacksmiths'  Arms.' 
These  were  lodging-houses,  where  every  journeyman  belonging  to 
that  trade  or  craft  had  to  stop  if  he  came  into  town.  In  commencing 
his  career,  he  had  to  be  bound  as  an  apprentice  for  three  or  four 
years;  and  tiie  master,  on  taking  an  apprentice,  had  to  enter  into  an 
engagement  to  teach  him  the  art  and  mystery  (which  meant  the 
science)  of  his  trade.  Before  the  young  man  could  leave  his  state 
of  apprenticeship  he  had  to  pass  a  certain  examination  ;  he  had  to 
produce  iiis  Gesellen- stuck,  or  journey-piece  of  work  ;  and  if  that  was 
found  satisfactory,  he  was  pronounced  a  journeyman.  He  had  then 
to  travel  for  four  years  from  place  to  place,  not  being  allowed  to 
remain  any  longer  than  four  months  under  any  one  master.  He  had 
to  go  from  city  to  city,  and  thus  pick  up  knowledge  in  the  best  way 
that  could  have  been  devised  in  those  days.  Then,  after  he  had 
completed  his  time  of  travel,  on  coming  back  to  his  native  city,  he 
could  not  settle  as  a  master  in  his  trade  until  he  had  produced  his 
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Mcisfcr-sti'ick,  or  niaster-pioco.  Those  ni;\stor-]>ioccs  in  the  trade 
woiv  fivquently  works  of  art  in  ovorv  sense  of  the  wonl.  Tliey  were, 
in  hhu'ksniithini;,  tlie  most  splendid  pieees  of  armory.  In  every 
tra<le,  and  in  eloeks  above  all  othei"s,  great  skill  was  disphiyed  in 
their  produetion.  These  were  examined  by  the  Masters'  Committee 
of  the  irniUl,  and  upon  approval  were  exposed  at  the  Arms  of  the 
trade  for  a  certain  time,  after  which  the  journeyman  wms  pronouneed 
a  master.  lie  was  then  allowed  to  marry,  provided  he  had  made 
choice  of  a  woman  of  unimpeachable  character.  These  rules  would 
hardly  suit  the  taste  of  the  present  day;  but  still  there  was  a  great 
deal  of  gootl  in  those  old  guild  practices." 

Before  Siemens  was  nineteen  years  old  he  went  to  Gottingen. 
Here,  by  his  "  iron  industry,"  as  Wedding  jnits  it,  he  filled  up  the 
ga|>s  of  his  school-training.  Here,  under  ^^'ohler,  he  first  got  that 
ini;ight  into  chemical  laws  which  laid  the  foundation  lor  his  metal- 
lurgical knowledge,  ami  here  began  to  develop  in  him  that  wonder- 
ful thirst  for  discovery  which  abundant  success  never  quenched. 

Our  interest  in  the  beginnings  of  notable  men  is  frequently  greater 
than  in  tlieir  later  achievements,  after  they  have  already  become 
great ;  and  I  think  there  are  few  more  interesting  histories  than  that 
of  Siemens,  as  related  by  himself  in  his  Inaugural  Address  before 
the  Midland  Institute  at  Birn)ingham.  Though  it  has  probably  been 
referred  to  in  nearly  all  of  the  sketches  of  his  life,  I  venture  to  think 
it  will  prove  of  sufficient  interest  to  give  it  in  its  entirety  here,  be- 
cause he  always  regarded  the  period  to  which  it  refers  as  the  turning- 
point  in  his  life. 

"At  that  time  (1841),  that  form  of  energy  known  as  the  electric 
current  was  nothing  more  than  the  philosopher's  delight.  Its  first 
practical  application  might  be  traced  to  the  town  of  Birmingham, 
where  Mr.  George  Elkington,  utilizing  the  discoveries  of  Davy, 
Faraday  and  Jacobi,  established  a  practical  process  of  electroplating 
in  1842. 

"  It  affords  me  great  satisfaction  to  be  able  to  state  that  I  had 
something  to  do  with  that  first  practical  application  of  electricity; 
for  in  March  of  the  following  year  (1843),  I  presented  myself  before 
Mr.  Elkington  with  an  improvement  of  his  process,  which  he-adopted, 
and,  in  so  doing,  gave  me  my  first  start  in  practical  life.  When  the 
electrotype-process  first  became  known  it  excited  a  very  general  in- 
terest; and  although  I  was  only  a  young  student  at  Gottingen,  under 
twenty  years  of  age,  who  had  just  entered  upon  his  practical  career 
as  a   mechanical  engineer,  I  joined  my  brother,  Werner  Siemens, 
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then  a  young  lieutenant  of  artillery  in  the  Prussian  service,  in  his 
endeavors  to  accomplirih  electro-gilding — the  first  impulse  in  this 
direction  having  been  given  by  Professor  C.  Plimley,  then  of  Got- 
tingen.  After  attaining  some  promising  results,  a  spirit  of  enterprise 
came  over  me,  so  strong,  that  I  tore  myself  away  from  tlie  narrow 
circumstances  surrounding  me  and  landed  at  the  East-end  of  London, 
with  only  a  few  pounds  in  my  j)ocket  and  without  friends,  but  with 
an  ardent  confidence  of  ultimate  success  within  my  breast.  I  ex- 
pected to  find  some  office  in  which  inventions  were  examined,  and 
rewarded  if  found  meritorious;  but  no  one  could  direct  me  to  such 
a  place.  In  walking  along  Finsbury  pavement,  I  saw  written  up 
in  large  letters,  so-and-so  (I  forget  his  name),  ^  Undertaker,^  *  and 
the  thought  struck  me  that  this  must  be  the  place  I  was  in  quest  of. 
At  any  rate  I  thought  that  a  person  advertising  himself  as  an  under- 
taker would  not  refuse  to  look  into  my  invention,  with  a  view  of  ob- 
taining for  me  the  sought-for  recognition  or  reward. 

"On  entering  the  place  I  soon  convinced  myself,  however,  that  I 
had  come  decidedly  too  soon  for  the  kind  of  enterprise  then  contem- 
plated ;  and,  finding  myself  confronted  with  the  proprietor  of  the 
establishment,  I  covered  my  retreat  by  what  he  must  have  thought 
a  very  inadequate  excuse.  By  dint  of  perseverance  I  found  my  way 
to  the  patent  office  of  Messrs.  Poole  &  Carpmael,  who  received  me 
kindly,  and  provided  me  with  a  letter  of  introduction  to  Mr.  Elk- 
ington.  Armed  with  this  letter,  I  proceeded  to  Birmingham  to 
plead  my  cause  with  him.  In  thinking  back  to  that  time,  I  wonder 
at  the  patience  with  which  ]\lr.  Elkington  listened  to  what  I  had  to 
say,  being  very  young,  and  scarcely  able  to  find  English  words  to 
convey  ray  meaning.  After  showing  me  what  he  was  doing  already 
in  the  way  of  electro-plating,  Mr.  Elkington  sent  me  back  to  Lon- 
don in  order  to  read  some  patents  of  his  own,  asking  me  to  return 
if,  aftti  perusal,  I  still  thought  I  could  teach  him  anything.  To 
my  gieat  disappointment,  I  found  that  the  chemical  solutions  I  had 
been  using  were  actually  mentioned  in  one  of  his  patents,  although 
in  a  manner  that  would  hardly  have  sufficed  to  enable  a  third  person 
to  obtain  practical  results.  On  my  return  to  Birmingham  I  frankly 
stated  what  I  had  found;  and  with  this  frankness  I  evidently  gained 
the  favor  of  Mr.  Josiah  Mason,  who  had  just  joined  Mr.  Elkington 
in  business,  and  whose  name  as  Sir  Josiah  Mason  will  ever  be  re- 
membered  for  his  munificent  endowment  of  education.      It   was 

*  The  literal  translalion  of  the  German  Unternekmer. 
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ap:roed  that  I  should  not  be  jiidj^od  by  the  novelty  of  my  invention, 
but  by  the  results  whioh  I  promise<l,  namely,  of  beino;  able  to  de- 
}x>sit  with  a  snuwth  surface  three  pennyweijjhts  of  silver  upon  a 
(lish-eover:  the  erystalline  structure  of  the  deposit  having  hereto- 
fore been  a  source  of  difficulty.  In  this  I  succeeded  ;  and  I  was 
able  to  return  to  my  native  country  and  my  mechanical  engineering 
a  ci^mparative  Cnvsus.  Notwithstanding  the  lapse  of  time,"  he 
said  nearly  forty  years  afterward,  "  n)y  heart  still  beats  quick  each 
time  I  come  back  to  the  scene  of  this,  the  determining  incident  of 
my  life." 

After  his  return  to  Germany,  he  passed  a  year  as  a  pupil  in  Count 
Stolberg's  engine-works.  While  there,  he  perfected  a  steam-engine 
governor  which  had  been  suggested  by  his  brother.  With  this  in- 
vention, he  returned  to  England  in  1841,  so  that  he  might  enjoy 
the  security  aflbrded  by  the  English  patent-law.  He  now  concluded 
to  remain  in  England,  and  was  naturalized  in  1850.  Not  long  after 
he  had  taken  up  his  permanent  residence  in  England,  he  married  the 
lovely  and  accomplished  Scotch  lady  whose  cordial  hospitality  it 
has  been  the  good  fortune  of  some  of  us  to  enjoy. 

Now  began  that  wonderful  series  of  inventions  and  discoveries 
which  followed  one  another  with  almost  bewildering  rapidity.  The 
list  of  patents  and  contributions  to  technical  journals  which  is 
attached  to  this  memoir  tells  the  story  of  mental  work  and  ceaseless 
energy  more  perfectly  than  the  most  eloquent  biographer  could  do 
it.  Particular  attention,  however,  should  be  drawn  to  what  may 
properly  be  called  his  revolutionary  discoveries,  in  the  domain  of 
heat  and  electricity. 

"Already  in  1846  he  began  the  study  of  the  economy  of  fuel,  in 
the  light  of  recent  investigations  respecting  the  true  nature  of  heat." 

.  .  .  .  "  He  read  the  treatises  of  Joule,  Carnot,  and  Mayer,  and 
proceeded  to  experiment  on  the  princijdes  thus  brought  to  light.  .  .  . 

"  On  comparing  the  theoretic  power  of  heat  with  the  mechanical 
power  given  off  by  the  heat  applied  to  steam-engines  and  caloric 
engines  generally,  he  saw  there  was  a  large  margin  for  improvement. 
He  at  once  determined  to  try  to  save  or  utilize  some  of  the  wasted 
heat ;  and  conceived  the  idea  of  making  a  regenerator  or  accumulator 
for  the  purpose  of  retaining  a  limited  quantity  of  heat,  and  capable 
of  yielding  it  up  again  when  required  for  the  performance  of  any 
work.  In  1847  he  constructed  an  engine  with  a  condenser  provided 
with  regenerators.  The  economy  of  fuel  was  considerable,  but  me- 
chanical difficulties  prevented  success.    He  did  not  however  abandon 
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the  sul)ject,  for  he  eventually  put  engines  into  practical  operation  in 
England,  France,  and  Germany,  varying  from  five  to  Ibrty  horse- 
power," 

Notwithstanding  the  great  improvements  which  have  been  made 
in  steam-engineering  in  the  last  decade,  Sir  William  Siemens  told 
the  British  Association  in  August,  1882,  that  "  the  best  steam-engine 
does  not  yield  in  mechanical  eifect  more  than  one-seventh  part  of 
the  heat-energy  residing  in  the  fuel  consumed.  To  obtain  more 
advantageous  primary  conditions,  we  have  to  turn  to  the  caloric  or 
gas-engine.  Before  many  years  have  elapsed,  we  may  find  in  our 
factories  and  on  board  our  ships  engines  with  a  fuel-consumption 
not  exceeding  one  pound  of  coal  per  effective  horse-power  per  hour, 
in  which  the  gafi-producer  takes  the  place  of  the  somewhat  complex 
and  dangerous  steam-boiler.  The  advent  of  such  an  engine,  and  of 
the  dynamo-machine,  must  mark  a  new  era  of  material  progress  at 
least  equal  to  that  produced  by  the  introduction  of  steam-power  in 
the  early  ))art  of  our  century." 

JSow  that  the  Prophet  has  left  us,  who  will  undertake  to  fulfil  the 
prophecy  ?  There  is  no  grander  field  for  research  than  the  one  in- 
dicated by  this  master  of  investigation. 

The  temptation  is  great  to  follow  u])  step  by  step  the  development 
of  his  genius;  but  we  must  resist  it,  and  come  to  that  part  of  his 
work  which  is  of  more  direct  interest  to  the  members  of  the  Insti- 
tute. 

The  regenerative  engine  was  evidently  the  forerunner  of  the  re- 
generative gas-furnace.  "In  1857,  his  brother  Frederick  suggested 
to  him  the  employment  of  regenerators  for  the  purpose  of  getting 
up  a  high  degree  of  heat  in  furnaces,  and  he  thenceforth  labored  to 
attain  this  result." 

After  many  experiments  and  disappointments,  he  erected  a  regen- 
erative-furnace at  a  glass-works  in  Birmingham,  which  proved  a 
success. 

The  history  of  this  period  is  so  interesting  that  it  will  bear  re- 
peating at  considerable  length.     It  is  well  told  by  Mr.  W.  T.  Jeans. 

In  18G2  Professor  Tyndall  lectured  before  the  Royal  Institution 
on  the  "  Mec^hanical  Theory  of  Heat,"  paying  eloquent  tribute  to 
Mayer  and  Joule. 

"  A  fortnight  later,  an  account  was  given  at  the  same  institution 
of  Mr.  William  Siemens's  regenerative  gas-furnace,  the  greatest 
h'iumph  in  the  pradioal  application  of  the  p)rincip/es  enunciated  by 
Mayer  and  others.     That  lecture  was  delivered  by  Michael  Faraday, 
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the  prince  of  pure  experiniontalists;  and  it  has  the  historic  interest 
ot*  boinij  the  hist  hn-ture  he  was  able  to  deh'ver.  The  circumstances 
in  which  it  was  delivered  were  memorable.  Some  weeks  previously, 
Siemens  received  the  following  letter  from  Faraday  :  '  I  have  just 
returned  from  Birmingham,  where  I  saw  at  Chance's  works  the 
application  of  your  furnaces  to  glass-making.  I  was  very  much 
struck  with  the  whole  matter.  As  our  managers  want  me  to  end 
the  '  Friday  evenings  '  at  the  Royal  Institution  after  Faster,  I  liave 
looked  about  for  a  thought,  for  I  have  none  in  myself.  I  think  I 
should  like  to  speak  of  the  facts  I  saw  at  Ciiance'.s,  if  you  have  no 
objection.  If  you  assent,  can  you  help  me  with  any  drawings,  or 
models,  or  illustrations,  either  in  the  way  of  thoughts  or  experiments? 
Do  not  say  much  about  it  out  of  doors  as  yet;  for  my  mind  is  not 
settled  in  what  way,  if  you  assent,  I  shall  present  the  subject.' 

"Siemens  readily  assented,  and  spent  two  days  at  Birmingham  in 
showing  Faraday  over  the  works  where  his  furnaces  were  in  opera- 
tion. On  the  appointed  Friday  evening,  June  20th,  1862,  the 
venerable  savant  appeared  before  the  Royal  Institution  for  the  last 
time,  to  explain  the  wonderful  simplicity,  power,  and  economy  of 
the  regenerative  gas-furnace.  In  the  course  of  his  lecture,  which  lasted 
about  an  hour,  and  which  he  concluded  by  bidding  his  audience  a 
pathetic  farewell,  he  accidentally  burned  his  notes  ;  and  he  was  only 
able  afterward  to  give  the  abstract  of  it  that  is  published  in  the 
Proceedings." 

The  almost  universal  adoption  of  the  Siemens  heating-furnace  in 
iron  and  steel-works,  and  in  operating  the  open-hearth  process,  is 
too  well  known  to  make  it  necessary  for  me  to  dwell  upon  the 
merits  of  either. 

Through  the  courtesy  of  Messrs.  Richmond  and  Potts,  the  agents 
of  ^lessrs.  Siemens  in  this  country,  I  am  enabled  to  furnish  the 
following  interesting  facts  about  the  adoption  of  the  Siemens  furnace 
in  the  United  States. 

The  first  Siemens  heating  furnace  was  started  September  26th, 
1867,  at  the  works  of  the  i^ashua  Iron  Company,  Nashua,  N.  H. 

A  small  open-hearth  steel-melting  furnace,  built  at  Trenton  at  the 
works  of  Cooper,  Hewitt  &  Co.,  was  started  in  December,  1868,  but 
it  has  never  been  worked  with  any  degree  of  regularity. 

In  January,  1870,  an  open-hearth  steel-melting  furnace  was  started 
up  at  the  Bay  State  works  in  South  Boston,  and  was  the  first  fur- 
nace of  that  kind  put  regularly  to  work  in  this  country. 

The  first  crucible  steel-melting  furnace  was  built  at  the  works  of 
Anderson  &  Woods,  Pittsburgh,  and  was  started  November  2d,  1867. 
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There  have  been  built  in  this  country:  165  Siemens  furnaces  for 
heating  iron  and  steel;  58  open-hearth  furnaces;  56  crucible  steel 
furnaces,  and  over  30  furnaces  for  sundry  other  purposes,  such  as 
glass-melting,  zinc-smelting,  puddling,  etc. 

It  is  strange  that  abroad  the  Siemens  furnace  is  in  use  for  the 
manufacture  of  glass  to  a  greater  extent  than  for  any  other  purpose, 
and  yet  it  is  applied  to  that  branch  of  manufacture  in  but  few  cases 
in  this  country.  The  annual  capacity  of  the  Siemens  furnaces  in  use 
in  this  country  may  be  stated  as  follows  : 

Heating-furnaces, 2,000,000  tons. 

Open-lieartli  furnaces, 350,000    " 

Crucible-furnaces,         .......  70,000    " 

It  is  safe  to  say  that  of  the  total  production  of  wronght-iron  and 
steel  in  the  United  States,  fully  one  third  is  heated  in  Siemens's  fur- 
naces, and  practically  all  of  the  open-hearth  steel  and  two-thirds  of 
the  crucible-steel  is  made  in  these  furnaces.  If  we  place  the  amount 
of  iron  and  steel  heated  per  annum  by  the  Siemens  furnaces  at 
1,500,000  tons,  and  consider  the  saving  at  $2.50  per  ton,  we  have 
an  annual  saving  of  $3,750,000.  The  production  of  open-hearth 
steel  in  1883  was  about  2,000,000  tons;  and  it  is  safe  to  estimate 
the  saving  in  making  this  steel  at  $20  per  ton,  over  any  other 
method  of  producing  the  same  qualify  of  product.  Crucible-steel 
manufacturers  readily  accord  a  saving  of  $10  per  ton  by  using  the 
Siemens  furnace,  and  at  least  60,000  tons  were  produced  in  1883. 

Mr.  Jeans,  in  the  Journal  of  the  Iron  and  Steel  Institute,  says : 
"  Until  1873  the  total  quantity  of  open-hearth  steel  produced  in  the 
United  Kingdom  was  77,500  tons.  During  the  next  two  years  this 
figure  was  not  much  improved  upon;  but  in  1876  the  product  had 
advanced  to  128,000  tons;  in  1878  to  174,000  tons;  in  1880  to 
251,000  tons;  and  in  1882  to  436,000  tons." 

The  estimated  quantity  for  1883  is  500,000  tons.  At  the  end  of 
1883  fully  370  open-hearth  furnaces  had  been  erected  throughout  the 
world,  equal  to  an  annual  production  of  about  1,500,000  tons. 

Siemens  always  talked  of  the  ultimate  success  of  his  "direct  pro- 
cess" with  as  much  confidence  as  of  any  of  his  inventions.  Had 
his  life  been  prolonged,  I  have  no  doubt  that  he  would  have  achieved 
success  in  (his  direction,  and  would  have  made  the  direct  process  a 
necessary  adjunct  to  the  open  hearth. 

A  discussion  of  his  triumphs  in  other  branches  of  science  as  ap- 
plied to  the  arts  will  not  properly  find  a  place  in  this  communica- 
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tion.  A  glance,  however,  at  the  record  attached,  leads  one  to  think 
that  that  work  in  which  we  are  most  interested,  held  but  a  subordi- 
nate place  among  his  thoughts  and  tleeds. 

In  1876  Dr.  and  Mrs.  Siemens  paid  a  short  visit  to  this  country, 
and  always  after  spoke  with  jdeasure  of  the  country,  its  resources  and 
develojinient,  and  the  h«ispitality  of  its  people. 

"Sir  William  Siemens  filled  many  positions  of  distinction,  both 
public  and  private,  and  was  the  recipient  of  many  honors.  In  addi- 
tion to  the  Hessemer  Gold  Medal  of  the  Iron  and  Steel  Institute, 
presented  to  him  in  1870,  he  received  in  1874  the  Albert  Gold 
Medal  of  the  Society  of  Arts,  which  also,  as  early  as  1850,  awarded 
him  a  gold  medal  for  his  regenerative  condenser.  In  1853  he  re- 
ceived from  the  Institution  of  Civil  Engineers,  the  Telford  Medal 
for  his  paper  '  On  the  Conversion  of  Heat  into  Mechanical  effect ;' 
and  only  a  short  time  before  his  death  the  same  institution  conferred 
on  him  the  Howard  Quinquennial  Prize.  He  also  received  prize- 
medals  at  the  International  Exhibitions  of  1851,  1862,  and  1867. 
Few  men  have  filled  within  so  short  a  time  so  many  presidential 
chairs.  He  was  president  of  the  Institution  of  Mechanical  Engineers 
(1872),  of  the  Society  of  Telegraph  Engineers  and  Electricians 
(1875),  Iron  and  Steel  Institute  (1877),  and  of  the  British  Associa- 
tion (1882);  while  in  the  latter  year  he  was  also  elected  to  preside 
over  the  Council  of  the  Society  of  Arts;  and  in  1881  he  was  elected 
a  vice-president  of  the  newly  formed  Society  for  the  Promotion  of 
Chemical  Industry.  He  was  besides,  in  1862,  made  a  fellow,  and 
in  1869  a  member,  of  the  Council  of  the  Royal  Society.  He  was 
a  D.C.L.  of  Oxford,  and  an  LL.D.  of  Glasgow  University,  and, 
finally,  in  March,  1883,  he  received  from  Her  Majesty  the  honor  of 
knighthood." 

Concerning  my  personal  relations  with  him,  this  is  not  the  place 
to  speak  at  length.  It  is  needless  to  say  that  I  was  thus  laid  under 
the  deepest  obligations  of  gratitude,  as  well  as  impressed  with  the 
most  vivid  sentiment  of  affection  and  esteem.  In  company  with  a 
worthier  guest, — the  brilliant  and  lamented  Holley, — it  was  ray 
privilege  to  learn,  by  personal  and  profitable  experience,  the  hospi- 
tality of  the  home  and  the  generosity  of  the  heart  of  Charles  Wil- 
liam Siemens.  In  this  respect — of  lavish  kindness  to  their  profes- 
sional colleagues  (or,  let  me  rather  say,  disciples) — Siemens  and 
Holley  were  congenial  spirits;  and  we  may  say  of  the  former,  as 
well  as  of  the  latter,  that  in  his  departure  we  have  lost,  not  merely 
a  leader,  but  also  a  friend. 
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APPEXPIX   II. 
English  Patents*  Granted  to  the  Messrs.  Siemens. 

The  initials  in  tlie  lir^t  column  of  the  table  stand  for:  C.  "W.S.,  Charles  William 
Siemens;  E.  W.  S.,  Ernest  Werner  Siemens;  C.  IT.  S.,  Charles  Henry  Sionuns; 
F.  S..  Freileriek  Siemens;  G.  S.,  George  Siemens;  L.  S.,  L(<uis  Siemens;  v.  II.  A., 
von  Hefner  Alteneok.     The  S.  has  been  oniitleil  where  two  names  occur  in  one  line. 


Patentee. 

No. 

Date. 

BVBJECT. 

C.  W.  S. 

luvji 

24. 

12. 

45. 

Repnlnting  powornnd  velocity  of  steam  en<r 

nes. 

C.  W.  S. 

12006 

22. 

12. 

47. 

Engines  to  be  worked  Ijy  .steam  or  other  llu 

ids. 

C.  W.  S. 

vr>3i 

20. 

3. 

49. 

do.             do.             do.              do. 

E.  ^Y.  s. 

130(V> 

23. 

4. 

50. 

Electric  telegraphs. 

c.  w.  s. 

uom 

15. 

4. 

52. 

Fluid  meter. 

c.  w.  s. 

3L>r. 

9. 

10. 

52. 

Steam  engines. 

c.  w.  s. 

712 

23. 

3. 

53. 

Rotatory  fluid  meter. 

c.  w.  s. 

4o9 

25. 

2. 

54. 

Electric  telegraphs. 

c.  w.  s. 

2366 

8. 

11. 

54. 

do. 

c.  w.  s. 

1105 

16. 

5. 

55. 

Apparatus  for  freezing  water. 

c.  w.  s. 

2514 

7. 

11. 

55. 

Evaporation  of  brine. 

c.  w.  s. 

1363 

9. 

6. 

56. 

I  Rngiiies  with  sui)erlieatcd  steam. 

c.  w.  s. 

2107 

10. 

9. 

56. 

:  Electric  telegraphs. 

c.  w.  s.  ■■ 

2S24 

29. 

11. 

56. 

Fluid  meters. 

F.  S. 

28(U 

2 

12. 

56. 

Furnaces. 

c.  w.  s. 

1320 

ll! 

5. 

57. 

Furnaces. 

c.  w.  s. 

2064 

29. 

7. 

57. 

Apparatus  for  making  ice. 

c.  w.  s. 

1457 

28. 

6. 

58. 

Cleansing  tidal  rivers. 

0.  w.  s. 

2074 

13. 

9. 

58. 

Refrigerators. 

C.  W.  &  E.  W. 

2180 

30. 

9. 

58. 

Electric  telegraphs. 

c.  w.  s. 

87 

11. 

1. 

59. 

Pui>ports  for  telegraph  wires. 

C.  W.  &  E.  W. 

512 

25. 

2. 

59. 

Electric  telegraphs. 

C.  W.  A  E.  W. 

2.T03 

3. 

11. 

59. 

Insulating  electric  telegraph  conductors. 

c.  w.  s. 

519 

25. 

2. 

60. 

Electric  telegraph  cables. 

c.  w.  s. 

2074 

28. 

8. 

60. 

Steam  engines. 

c.  w.  s. 

2982 

5. 

12. 

60. 

Fluid  meters. 

C.  W.  &  F. 

167 

22. 

1. 

61. 

Fmnaces. 

C.  W.  &  E.  W. 

281 

31. 

8. 

61. 

Electric  telegraphs. 

c.  \v.  s. 

2805 

8. 

11. 

61. 

Armored  war  vessel. 

C.  W.  A  E.  W. 

59 

9. 

1. 

62. 

Insulating  electric  telegraphs. 

C.  \\.  &  E.  W. 

1540 

22. 

5. 

62. 

Electric  telegraph  apparatus. 

c.  w.  s. 

2143 

28. 

7. 

62. 

Gas  engines. 

c.  w.  s. 

464 

20. 

2. 

63. 

Insulating  electric  telegraphs. 

I               C.  W.  &  F. 

972 

18. 

4. 

03. 

Furnaces. 

1            C.  W.  <!t  E.  W. 

2826 

13. 

11. 

63. 

Submarine  cables. 

c.  w.  .«. 

1447 

10. 

6. 

64. 

Manufacture  of  glass, 
do.              do. 

v.  w.  s. 

3018 

3. 

12. 

64. 

C.  W.  &  E.  W. 

3260 

31. 

12. 

64. 

Apparatus  for  motive  power. 

c.  w.  s. 

12:J0 

2. 

5. 

65. 

Regulating  velocity  of  machinery. 

c.  w.  s. 

2391 

19. 

9. 

65. 

Separating  dust  in  iron  blast  furnaces. 

c.  \v.  .s. 

671 

5. 

3. 

66. 

Zinc  furnaces. 

c.  w.  s. 

2413 

20. 

9. 

66. 

Ore-smelting  furnaces. 

C.  W.  &  E.  W. 

3090 

24. 

11. 

66. 

Pneumatic  despatch. 

C.  W.  &  E.  W. 

261 

31. 

1. 

67. 

Methods  of  developing  powerful  electric 
rents. 

cur- 

1            C.  W.  &  E.  W. 

631 

7. 

3. 

67. 

Fluid  meters. 

C.  W.  <k  E.  W. 

1532 

23. 

5. 

67. 

Pneumatic  despatch. 

;              C.  W.  .S. 

2395 

21. 

8. 

67. 

Ore-smelting  furnaces. 

c.  w.  s. 

1172 

7. 

4. 

68. 

Gas  regenerative  furnaces. 

0.  W.  &  E.  W. 

1253 

17. 

4. 

68. 

Electric  measurements  of  distances. 

c.  w. .«. 

1462 

5. 

5. 

68. 

Steel  furnaces. 

c.  w.  s. 

18!>2 

10. 

6. 

68. 

do. 

c.  w.  s. 

aiOl 

18. 

11. 

68. 

Fastening  telegraph  wires. 

c.  w.  .s. 

3569 

24. 

11. 

68. 

Steel  furnaces. 

c.  w.  s. 

1575 

21. 

5. 

69. 

Smelting  furnaces. 

c.  w.  s. 

2988 

14. 

10. 

69. 

Steel  furnaces. 

c.  w.  s. 

:« 

5. 

1. 

70. 

Regenerative  hot-blast  furnaces. 

c.  w.  s. 

594 

28. 

2. 

70. 

Treatment  of  iron  ores. 

i               C.  W.  <fc  F. 

1513 

25. 

5. 

70. 

Regenerative  gas  furnaces. 

*  It  was  obviously  not  necessary  to  give  the  American,  German,  or  other  patents,  which 
were  in  all  caM;s,  I  believe,  for  inventions  substantially  covered  by  the  English  patents. 


660 


BIOGRAPHICAL    NOTICE    OF   SIR    C.    W.    SIEMENS. 


Patentee. 

No. 

Date. 

Subject. 

C.  W.  S. 

3134 

30. 

11. 

70. 

Treatment  of  iron  ores. 

C.  W.  S. 

3205 

Improvement  in  means  for  exhausting  receivers. 

c.  w.  s. 

292 

2. 

2 

71. 

Cast  steel. 

c.  w.  s. 

1959 

26. 

7! 

71. 

Smelting  iron  ores. 

c.  w.  s. 

3077 

15. 

11. 

71. 

Treating  iron  ores. 

c.  w.  s. 

1998 

Electric  telegraphs. 

C.  H.  S. 

1473 

15. 

5. 

72. 

Telegraphs. 

E.  W.  S. 

1919 

25. 

6. 

72. 

Obtaining  and  applying  electric  currents. 

F.  S. 

2152 

18. 

7. 

72. 

Glass  furnaces. 

c.  w.  s. 

28f.l 

28. 

9. 

72. 

Iron  and  steel  furnaces. 

C.  H.  &  E.  W. 

2923 

3. 

10. 

72. 

Telegraphs. 

C.  W.  &  F. 

;^478 

21. 

11. 

72. 

Glass  fuiiiaces. 

C.  W.  S. 

■M'A2 

3. 

12. 

72. 

Smelling  furnaces. 

E.  W.  &  V.  H.  A. 

2()0fl 

5. 

6. 

73. 

Electric  light. 

E.  W.  &  V.  H.  A. 

2225 

27. 

6. 

73. 

Electric  telegraphs. 

F.  S. 

2246 

28. 

6. 

73. 

Caloric  engines. 

G.  &  de  Grousilliers. 

2«;« 

28. 

8. 

73. 

Soda  and  potash. 

C.  W.  S. 

4075 

11. 

12. 

73. 

Iron  and  steel  manufacture. 

C.  W.  S. 

428 

74. 

Treating  puddled  balls. 

E.  W.  S. 

1307 

16. 

4. 

74. 

Telegraphic  signals. 

C.W.&  Stein. 

3457 

74. 

Calcining  liilns. 

C.  W.  S. 

43 

5. 

1. 

75. 

Furnaces. 

C.  W.  S. 

1551 

28. 

4. 

75. 

Ghxss  furnaces. 

F.  S. 

ir.37 

3. 

5. 

75. 

Hardening  glass. 

C.  W.  S. 

1540 

20. 

4. 

76. 

Iron  and  steel  to  resist  shock. 

F.  &  Mason. 

1657 

28. 

4. 

76. 

Tempering  glass. 

F.  S. 

2097 

20. 

5. 

76. 

Ornamenting  toughened  glass. 

C.  W.  S. 

3370 

5. 

9. 

76. 

Iron  and  steel. 

C.  W.  S. 

3714 

22. 

9. 

76. 

Iron  and  steel  furnaces. 

F.  &  Heese. 

3904 

10. 

10. 

76. 

I'ottery  kilns. 

C.  H.  &  E.  W. 

4685 

10. 

12. 

76. 

Telephones. 

F.  S. 

4780 

11. 

12. 

76. 

Glass. 

C.  W.  S. 

4793 

17. 

12. 

76. 

Armor-plating. 

c.  w.  s. 

251 

19. 

1. 

77. 

Electric  telegraph  conductors. 

c.  w.  s. 

700 

20. 

2. 

77. 

Regenerative  gas  furnace. 

C.  H.  S. 

1871 

14. 

5. 

77. 

Recording  electric  telegraph  signals. 

C.  W.  S. 

2281 

7. 

6. 

77. 

Electric  lamps. 

E.  W.  &  V.  H.  A. 

3134 

8. 

8. 

77. 

Reproducing  electricity  for  illumination. 
Telephones. 

C.  H.  S. 

4685 

10. 

12. 

77. 

C.  W.  S. 

251 

19. 

1. 

78. 

Electric  telegraph  conductors. 

c.  w.  s. 

700 

20. 

2. 

78. 

Regenerative  gas  furnace. 

c.  w.  s. 

2281 

7. 

6. 

78. 

Distributing  electric  currents  to  lamps. 

C.  H.  &  E.  W. 

2527 

25. 

6. 

78. 

Telephones. 

C.  H.  &E.  W.  &V.H.A. 

3134 

8. 

8. 

78. 

Producing  and  regulating  electric  currents  for 

lamps. 
Electric  lighting. 

C.  W.  S. 

3315 

22. 

8. 

78. 

C.  W.  S. 

4208 

22. 

10. 

78. 

Electric  illumination. 

C.  W.  &  V.  H.  A. 

4949 

4. 

12. 

78. 

Electric  lamps. 

C.  W.  S. 

694 

20. 

2. 

79. 

Ordnance. 

C.  W.  &  F. 

1118 

20. 

3. 

79. 

Annealing  glass^ 

C.  W.  S. 

2110 

27. 

5. 

79. 

Light  and  heat  5y  electricity. 

L.  S.  &  Justushofen. 

2199 

3. 

6. 

79. 

Lighting  by  electricity. 

F.  S. 

2231 

5. 

6. 

79. 

Lamjis  and  burners. 

C.  W.  &  V.  H.  A. 

2(>52 

1. 

7. 

79. 

Electric  lamps. 

c.  w.  s. 

2775 

8. 

7. 

79. 

Tension  bars. 

F.  S. 

3555 

4. 

9. 

79. 

Burners. 

c.  w.  s. 

4534 

6. 

11. 

79. 

Dynamo  machines. 

C  W.  &F. 

4703 

22. 

11. 

79. 

ISIonlding  glass. 

F.  S. 

5135 

15! 

12. 

79. 

Moulding  and  annealing  glass. 

c.  w.  s. 

5150 

16. 

12. 

79. 

Iron  and  steel  manufacture. 

C.  H.  &  E.  W. 

583 

10. 

2. 

80. 

Conveying  persons  by  electro-motive  power. 

F.  S. 

1561 

16. 

4. 

80. 

Lamps. 

c.  w.  s. 

3374 

19. 

8. 

80. 

Gas  furnaces. 

c.  w.  s. 

4614 

10. 

11. 

80. 

Electric  lamps. 

c.  w.  s. 

4683 

13. 

11. 

80. 

Gas  lamps. 

F.  S. 

5172 

10. 

12. 

80. 

Lamps. 

C.  W.  &  Boothby. 

696 

17. 

2. 

81. 

Electric  brakes. 

C.  W.  S. 

883 

1. 

3! 

81. 

Iron  and  steel  manufacture. 

C.  W.  &  Halske. 

1447 

1. 

4. 

81. 

Dynamo  machines. 

C.  W.  S. 

2504 

9. 

6. 

81. 

Gas  motors. 

F.  S. 

2638 

17. 

6. 

81. 

Lamps. 

c.  w.  s. 

2651 

17. 

6. 

81. 

Steel  manufacture. 

c.  w.  s. 

3792 

31. 

8. 

81. 

Steel  manufacture. 

c.  w.  s. 

5350 

7. 

12. 

81. 

Gas  engines. 

C.  W.  &  F.  .1. 

231 

17. 

1. 

82. 

Telephone  conductors. 

C.  W.  &  E.  W. 

760 

16. 

2. 

82. 

Dynamo-electric  machine. 

II 
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PHYSICAL  AXD  CHEMICAL  TESTS  OF  STEEL  FOR  BOILEB- 
AXD  SHIP-PLATE  FOB  THE  UNITED  STATES  GOV- 
EENMENT  CPUISEBS.* 

BY  PEDRO  G.   SALOM,    CHEMIST  AND   SUPERINTENDENT  OF  STEEL 
DEPARTMENT,    CHESTER  ROLLING  MILLS,    TIIURLOW,    PA. 

I  HAVE  had  an  opportunity,  within  the  last  few  months,  of  making 
a  large  number  of  physical  and  chemical  tests  of  steel  for  boiler  and 
ship-plate,  which  has  been,  and  is  now  being,  used  principally  for 
the  United  States  Government  cruisers,  now  building  in  Mr.  John 
Roach's  yard,  at  Chester,  Pa.  Through  the  courtesy  of  the  Messrs. 
Houston,  of  the  Chester  Rolling  Mills,  I  have  the  honor  to  lay 
before  the  members  of  the  Institute  the  results  of  these  tests.  These 
results  have  developed  some  points  in  regard  to  the  nature  of  steel, 
which  are  n)oreor  less  new,  and  which,  I  hope,  will  prove  interesting. 

The  original  specifications,  as  regards  the  manner  of  testing,  were 
so  impracticable  (when  their  severity  was  taken  into  consideration), 
that  the  keel  of  the  first  vessel,  which  will  be  launched  next  month, 
would,  had  they  been  carried  out,  probably  not  have  been  laid  until 
next  year.  At  my  suggestion,  in  order  to  simplify  and  expedite  the 
immense  amountof  testing  that  had  to  be  done,  the  Naval  Advisory 
Board  was  induced,  after  considerable  discussion,  to  alter  the  specifi- 
cations, so  as  to  test  each  heat,  instead  of  each  lot  of  twenty  plates, 
but  reserved  the  right  of  making  the  quenching-test  on  a  piece  from 
each  ingot,  after  it  had  been  rolled. 

This  relieved  us  from  the  anxiety  of  having  a  lot  of  plates  rejected, 
after  they  had  been  rolled  and  sheared,  by  reason  of  the  presence  of 
gone  or  two  plates  which  might  have  been  injured  in  heating  or 
rolling,  or  which  might  not  have  been  able  to  stand  the  tests ;  while 
it  insured  the  Government  in  obtaining  a  uniform  quality  of  steel, 
and  prevented  the  temptation  to  introduce  a  half-dozen  or  more  bad 
plates  in  a  lot,  and  run  the  risk  of  their  being  selected  as  the  test- 
plates. 

I  give  below  a  portion  of  the  original  specifications,  as  prescribed 

*  The  discussion  of  this  paper  at  the  XXXIXth  (Chicago)  Meeting,  May,  1884, 
will  be  found  in  voi.  xiii.  of  the  Tranaadioivs. 
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by  the  Naval  Advisory  Board,  in  order  to  insure  the  fulfilment  of 
the  clause  of  the  Act  of  Congress  of  August  5th,  1882  :  "  Such  ves- 
sels ....  to  be  constructed  of  steel,  of  domestic  manufacture,  hav- 
ing, as  near  as  may  be,  a  tensile  strength  of  not  less  than  sixty 
thousand  pounds  to  the  square  inch,  and  a  ductility  in  eight  inches 
of  not  less  than  twenty-five  per  centum." 

Rule  III. — In  every  lot  of  twenty  plates,  test-pieces  to  be  cut  from  two  plates 
taken  at  random  ;  two  test-pieces  being  cut  from  each  plate, — one  in  the  direction 
of  the  rolling,  and  one  at  right  angles  to  it,  shaped  according  to  the  annexed  sketch. 
These  test-pieces  shall  in  no  case  be  annealed. 

The  test-pieces  to  be  submitted  to  a  direct  tensile  stress,  until  tliey  break,  and  in 
a  machine  of  approved  character. 

The  initial  stress  to  be  as  near  the  elastic  limit  as  possible,  which  limit  is  to  be 
carefully  determined  by  the  inspector  in  a  special  series  of  tests.  The  first  load  to 
be  kept  in  continuous  action  for  five  minutes.  Additional  loads  to  be  then  added  at 
intervals  of  time,  as  nearly  as  possible  equal,  and  separated  by  half  a  minute;  the 
loads  to  produce  a  strain  of  5000  pounds  per  s(juare  inch  of  original  section  of  the 
test-piece,  until  the  stress  is  about  50,000  pounds  per  square  inch  of  original  section, 
when  the  additional  loads  should  be  in  increments  not  exceeding  1000  pounds. 

An  observation  to  be  made  of  the  corresponding  elongation  measured  upon  the 
original  length  of  eight  inches. 

Conditions  of  Acceptance. — In  order  to  be  accepted,  the  average  of  the  four  test- 
pieces  must  show  an  ultimate  tensile  strength  of  at  least  G0,000  pounds  per  square 
inch  of  original  section,  and  a  final  elongation  in  eight  inches  of  not  less  than  25 
per  cent. 

Lots  of  material,  which  show  a  strength  greater  than  60,000  pounds  per  square 
inch,  will  be  accepted,  providing  the  ductility  remains  at  least  23  per  cent. 

Cases  of  Failure. — If  the  average  of  tiiese  four  test-pieces,  numbered  1,  2,  3,  4 
(called  Test  I.),  fail  below  eitherof  therequired  limits,  the  plates,  from  which  pieces 
1,  2,  3,  4  were  cut,  shall  be  rejected,  and  Test  II.  made,  consisting  of  pieces  5  and  6, 
cut  from  a  third  plate.  If  the  mean  of  the  results  of  these  two  fall  below  either  of 
the  above  limits,  the  entire  lot  shall  be  rejected.  If  it  be  successful.  Test  ILL,  or 
the  mean  of  pieces  7  and  8  cut  from  a  fourth  plate,  shall  decide. 

If,  in  any  of  Tests  I.,  II.,  III.,  any  single  piece  shows  a  tensile  strength  less  than 
58,000  pounds,  or  a  final  elongation  less  than  21  per  cent.,  the  plate  from  which  it 
was  cut  shall  be  rejected,  and  that  test  considered  to  have  failed,  regardless  of  its 
average. 

Rui.E  IVi — Quenching  Test. — A  test-piece  shall  be  cut  from  each  plate,  angle  or^ 
beam,  and,  after  heating  it  to  a  cherry-red,  plunged  in  water  at  a  temperature  of  S2° 
F.  Thus  prepared,  it  must  be  possiljle  to  bend  the  pieces  under  a  pressor  hammer, 
so  that  they  shall  be  doubled  round  a  curve,  of  which  tlie  diameter  is  not  less  than 
one  and  a  half  times  the  thickness  of  tlie  plates  tested,  without  presenting  any  trace 
of  cracking. 

These  test-iiieces  must  not  have  their  sheared  sides  rounded  oft';  the  only  treat- 
ment permitted  being  taking  off  the  sharpness  of  the  edges  with  a  fine  file. 

KuLE  VII. — Each  boiler-plate  must  be  subjected  to  the  same  tests,  and  in  the 
manner  prescribed  for  ship-plates.  The  ductility  in  eight  inches  must  not  be  less 
than  25  per  cent.,  and  the  ultimate  tensile  strength  nmst  not  be  less  than  57,000 
pounds,  and  not  more  than  03,000  pounds,  and  the  average,  at  least,  60,000  pounds. 
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The  lollowins:  cHap;ranis  represent,  Fig.  1,  the  8-iiich  and  Fig.  2, 
the  1-ineh  test-pieee.  The  tests  were  made  on  an  improved  100,000 
pound  Rielile  livdraulie  machine. 


■30- 


-4J4* ^ 


;  Fiffl.  1 

y.B.-Figures  marked*  may  be  altered 
to  suit  testitig  machine 


In  the  original  specifications,  it  will  be  observed  by  reference  to 
the  above  rules,  that  plates  of  only  58,000  pounds  tensile  strength 
might  pass,  provided  the  average  of  all  the  test-pieces  was  60,000 
pounds,  or  over;  but,  in   the  amended   specifications   we   were  not 


Fiff  2. 


granted  even  this  little  piece  of  grace,  and,  unless  the  average  of  the 
two  test-pieces,  selected  from  each  heat,  was  60,000  pounds  or  over, 
and  23  per  cent,  stretch  or  over  (and  in  neither  test  to  fall  below 
58,000  pounds,  or  21  per  cent.),  the  heat  was  rejected.  In  other 
words,  to  take  a  practical  example,  if  two  test-pieces  from  the  same 
heat  gave  59,900  pounds  tensile  strength,  with  the  required  elonga- 
tion, the  heat  was  rejected.  If,  however,  one  of  those  pieces  gave 
58,000  pounds,  and  the  other  62,000  pounds,  with  other  conditions 
remaining  the  same,  the  heat  was  accepted. 

To  give  some  idea  of  the  manner  in  which  the  inspection  was  first 
conducted,  I  refer  to  heat  435  (inserted  between  534  and  536)  in 
the  table.  Here  the  tensile  strength  was  56,900,  instead  of  57,000 
(for  boiler-plate),  with  a  splendid  elongation  of  28  per  cent.;  yet, 
notwithstanding  this  fact,  the  heat  was  rejected,  and  we  were  not 
allowed  to  roll  that  metal   for  the  cruisers.     This,  also,  in  view  of 
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the  well-known  fact  that  the  difference  of  the  y^oth  of  an  inch  in 
taking  measurements  of  test-pieces  makes  a  difference  of  1200  pounds 
to  the  square  inch  in  a  half-inch  section, — that  is,  a  section  from  a 
plate  half  an  inch  thick  ;  and  further,  that  two  pieces  from  the  same 
plate,  taken  side  by  side,  will  frequently  vary  several  thousand 
pounds.  If  we  take  heat  500,  with  dimensions  1  X  .5,  and  change 
the  .5  to  .49,  we  get  a  tensile  strength  of  64,300  pounds,  or  1300 
pounds  difference.  Conversely,  if  the  error  should  be  the  other  way, 
.51  instead  of  .5,  we  would  get  a  tensile  strength  of  61,800  pounds, 
or  1200  pounds  difference.  Of  course,  in  plates  less  than  half  an 
inch  in  thickness,  the  difference  is  still  greater. 

We  found  no  difficulty  in  getting  the  desired  ductility  or  elonga- 
tion, since  all  our  best  boiler-plate  gives  from  28  to  30  per  cent,  in 
an  8-inch  section  ;  but  the  trouble  came  in  getting  the  tensile  strength 
to  run  over  60,000  lbs.,  and  maintaining  at  the  same  time  the  very 
high  percentage  of  elongation  required.  This  difficulty  was  finally 
overcome,  and  we  were  able  to  meet  the  specifications  with  gratifying 
regularity. 

Heat  453  (see  table)  is  inserted  to  show  the  character  of  steel  we 
were  making  previous  to  our  undertaking  to  make  the  cruiser-steel. 
The  manganese,  however,  is  a  little  below  the  average,  which  should 
be  about  0.25  percent.  In  other  respects  its  characteristics  are  those 
of  the  best  boiler-plate. 

Out  of  the  first  33  heats,  from  464  to  496,  we  lost  14,  or  42  per 
cent.  Only  four  of  these  heats,  however,  could  be  called  inferior; 
the  remaining  ten  being,  in  my  opinion,  better  material  than  that 
accepted.  In  the  next  100  heats  only  10  failed  to  pass  the  specifi- 
cations. Nine  of  these  were  condemned  on  account  of  being  too 
soft,  only  one  (No.  525)  for  being  too  hard,  i.e.,  not  giving  the  re- 
quired stretch.  It  would  have  been  possible  to  secure  a  still  lower 
percentage  of  condemned  heats;  but  we  did  not  care  to  risk  making 
metal  like  No.  525,  and  preferred  to  fail  occasionally  by  making  it 
too  soft,  since  this  metal,  when  rejected,  we  could  use  for  the  best 
flange  and  fire-box  plate.  In  the  last  47  heats  only  three  failed  to 
come  up  to  the  specifications.  No.  602  we  did  not  test,  and  No. 
604  was  lost. 

The  first  hundred  heats,  from  No.  464  to  No.  563,  in  addition  to 
the  usual  amount  of  j)ig  iron,  scrap,  and  shearings,  contained  char- 
coal-blooms and  muck-bar  (gradually  increased  amounts  of  muck- 
bar  and  a  corresponding  diminution  of  blooms,  which  were  at  first 
charged  in  equal  amounts).     Nos.  564  to  619  were  all  made  from 
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muck-bar,  witli  results  equally  if  not  more  satisfaetory  than  with 
blooms.  Of  the  remainiiiir  heats,  a  few  were  made  from  all  blooms, 
a  few  from  all  muek-bar,  and  tiie  others  from  a  mixture  of  the  two. 

The  tests  marked  with  an  asterisk  were  made  on  pieces  cut  at  right 
ani:;les  to  the  direction  of  rolling-;  the  others  witli  the  graiu,  or  in 
the  direction  of  the  rolling. 

Let  us  now  consitler  the  indications  here  given  as  to  the  influence 
of  carbon,  manganese,  jihosphorus,  and  silicon  on  the  physical  qual- 
ities of  the  steel.  The  average  amount  of  phosphorus  is  .Oo9  per 
cent.,  and  this,  I  think,  will  compare  favorably  with  any  other  steel 
that  has  ever  been  made,  taking  the  number  of  heats  into  considera- 
tion. The  highest  phosphorus  is  found  in  heats  Nos.  551  and  552, 
where  it  is  .075 ;  and  yet  those  heats  give  excellent  results.  Again, 
in  Xos.  548  and  541',  we  find  .069  phosphorus,  with  good  results. 
Conversely,  in  heats  Nos.  605  and  606,  we  find  low  phosj)horus, 
.042  and  .044  per  cent,  respectively,  with  results  not  so  good  ;  and 
still  again,  in  heat  No.  499,  the  phosphorus  is  only  .031,  with 
results  not  equal  to  those  first  mentioned.  Wearesafein  assuming^ 
therefore,  so  tar  as  the  above  tests  are  concerned,  that  phosphorus 
up  to  the  amount  of  .075  is  not  very  injurious  to  the  physical  prop- 
erties of  soft  steel.  In  all  cases  in  this  table  where  the  results  are 
not  up  to  the  standard  the  cause  can  be  directly  traced  to  something 
else  besides  phosphorus.  In  my  opinion,  phosphorus  is  not  the 
terrible  bete  noir  it  has  been  considered  ;  it  has  had  to  bear  the  burden 
of  many  sins  wrongfully  ascribed  to  it. 

The  average  amount  of  carbon  is  .15,  which  I  regard  as  being 
from  .03  to  .05  too  high  for  the  best  boiler-plate.  The  influence  of 
carbon  is  more  certain  and  regular  than  that  of  phosphorus,  although 
there  appear  to  be  a  few  exceptions  to  the  rule  that  tensile  strength 
increases  with  carbon.  Heat  No.  517  has  .22  carbon,  with  66,000 
tensile  strength,  while  heat  Xo.  530,  with  .18  carbon,  gives  70,000 
tensile  strength,  with  the  same  amount  of  manganese  in  both  cases; 
and  heat  Xo.  532,  with  .17  carbon  and  less  manganese  than  the 
others,  gives  a  still  higher  tensile  strength  of  72,000.  Again,  in 
heat  Xo.  566,  we  have  .20  carbon  and  only  69,600  tensile  strength, 
with  a  splendid  elongation  amounting'  in  one  case  to  nearly  31  per 
cent.  These,  however,  are,  I  believe,  the  only  exceptions  of  im- 
portance to  the  rule  that  tensile  strength  increases  with  the  amount 
of  carbon  ;  and  I  will  presently  suggest  an  explanation  that  will 
account  for  nearly  all  the  anomalous  results. 

The  average  amount  of  manganese  is  .38  per  cent.     Manganese 
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plays  a  part  similar  to  carbon,  only  in  a  lower  degree,  and  may  have 
comparatively  much  wider  limits  of  variation  than  carbon  without 
altering  the  result.  The  highest  manganese  we  find  in  heats  Nos. 
603  and  503,  viz. :  .73  per  cent  and  .58  per  cent,  respectively  ;  and 
in  both  cases  comparatively  high  tensile  strength  and  diminished 
elongation ;  the  carbon  in  both  cases  being  above  the  average. 
There  are  other  cases,  however,  with  manganese  above  the  average, 
where  neither  the  tensile  strength  nor  the  elongation  is  unduly  af- 
fected. Heat  No.  509  is  an  example,  but  it  is  low  in  carbon.  In 
heat  No.  515,  with  manganese  the  same  as  in  No.  509,  but  with  car- 
bon a  few  points  higher,  the  tensile  strength  is  high  again.  The 
lowest  manganese  is  .17  per  cent,  in  heat  No.  453,  with  the  best  re- 
sults; and  again,  Nos.  538,  544,  557  and  567,  showing  .24,  .27,  .29 
and  .27  percent,  of  manganese  respectively,  all  give  excellent  results. 
The  manganese,  as  we  would  naturally  expect,  increases  or  dimin- 
ishes with  the  carbon,  and  the  tensile  strength  in  direct  proportion 
to  both. 

Another  point  of  interest  to  which  I  wish  to  call  attention,  is  the 
variation  of  carbon  before  and  after  the  addition  of  ferro-manga- 
nese.  This  variation  ranges  from  .01  per  cent  in  heat  No.  487  to 
.10  in  No.  617.  Assuming  that  ferro-manganese  contains  about  5 
per  cent,  of  carbon,  then  the  theoretical  amount  added  would  be, 
in  a  one  per  cent,  change,  just  .05  per  cent.  It  is  easy  to  understand 
that  the  increase  of  carbon  is  sometimes  less  than  .05  per  cent,  after 
the  addition  of  the  ferro-manganese,  because  there  is  always  more 
or  less  opportunity  for  oxidation,  but  why  it  should  ever  be  greater 
than  .05  per  cent,  is  not  so  easy  to  understand.  I  would  suggest 
as  an  explanation  of  this  abnormal  increase  of  carbon,  that  a  portion 
of  the  carbon,  before  the  addition  of  ferro-manganese,  was  present  as 
graphite,  and  that  the  ferro-manganese  caused  this  graphitic  carbon 
to  combine. 

The  influence  of  silicon  on  steel  has  been  but  little  studied.  This 
has  been  due  to  the  fact  that  it  is  generally  present  in  such  small 
quantities  as  to  make  it  a  question  whether  or  not  it  has  any  influ- 
ence on  the  physical  qualities  of  the  metal. 

Silicon  prevents  carbon  from  combining  with  iron.  This  inter- 
esting fact,  although  known  in  a  general  way  by  those  who  have 
studied  the  chemistry  of  pig-iron,  was  altogether  ignored  or  lost 
sight  of  in  steel,  until  its  importance  was  discovered  by  Col.  Caron. 
Since  then,  it  has   been  commented  on  in  Mr.  Ward's  Note  on  the 
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Behavior  of  JIanganese  to  Carbon  *  ami  in  Mr.  Alex.  Pourcel's  note 
on  the  same  subject. f 

Pliosphorus,  I  believe,  acts  in  a  similar  manner  ;  for  it  is  a  well 
known  fact  that  high  phosphorus  irons  will  not  chil/,  that  is,  the 
carbon  will  not  combine  with  the  iron.  These  facts  open  up  a  new  line 
of  thought  ;  ami  I  am  led  to  the  conclusion  that  phosphorus  and 
silicon  in  steel  are  not  hardeners,  as  heretofore  supposed,  but  arc  in- 
jurious, first,  because  they  have  a  tendency  to  keep  the  carbon  in 
tlie  graphitic  state;  and  seconil,  because  they  act  mechanically  (as 
phospiiide  and  silicideof  iron,  sometimes,  perhaps,  as  phosphate  and 
silicate  of  iron)  like  graphite,  to  separate  the  particles  of  the  metal, 
or  in  other  words,  to  destroy  its  continuity  or  homogeneity.  In 
fact,  when  we  come  to  think  of  it  as  a  question  of  molecular  physics, 
it  is  difficult  to  conceive  how  they  could  ever  have  been  regarded 
as  hardeners.  I  am  led  to  this  conclusion  not  only  by  the  results 
that  I  have  obtained,  but  also  by  a  study  of  Dr.  Dudley's  chemical 
and  physical  tests  of  rails.;]:  This  is  such  an  important  point  that  I 
may  be  excused  for  citing  a  few  examples  from  Dr.  Dudley's  tables. 

No.  911  with  .618  percent,  of  carbon  and  1.044  per  cent,  of 
manganese  gives  69,000  tensile  strength,  while  No.  906,  with  less 
than  one-half  the  amounts  of  carbon  and  manganese  (.308  per  cent, 
and  .462  per  cent,  respectively)  gives  the  same  tensile  strength. 
Now  there  are  only  three  hypotheses  by  which  we  can  account  for 
the  tensile  strength  being  the  same,  with  such  vastly  different 
chemical  compositions  :  we  may  suppose,  first,  that  the  carbon  is  not 
all  combined  ;  or,  second,  that  the  steel  contains  varying  amounts  of 
oxide  of  iron;  or,  third,  that  both  these  causes  are  combined.  If 
the  carbon  in  either  of  the  above  cases  had  been  all  combined  (leav- 
ing out  of  the  question,  at  present,  oxide  of  iron),  then  it  is  evident 
that  the  tensile  strength  would  not  only  have  differed,  but  would 
have  been  much  higher  in  both  cases.  No.  911  would  have  shown 
about  100,000  pounds,  and  No.  906  about  80,000  pounds.  And  if 
it  should  be  found  that  the  carbon  was  all  combined,  then  the  low 
tensile  strength  of  No.  911  must  be  due  to  the  presence  of  oxide  of 
iron. 

If  the  above  conclusion  be  true,  it  follows  as  a  corollary  that 
wear  is  not  so  much  a  question  of  hardness  or  softness,  as  of  homoge- 
neity. At  all  events  this  theory  will  account  for  nearly  all  Dr.  Dud- 
ley's anomalous  results.    It  explains  why  rails  from  80,000  to  90,000 

*  Transactions,  vol.  x.,  p.  268.  f  Trarisaclions,  vol.  xi*,  p.  197. 

X  Trunmctiona,  vol.  ix.,  p.  320. 
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tensile  strength,  are  good  (see  Dudley's  tables,  Nos.  885  and  917), 
and  why  softer  rails,  from  54,000  to  69,000,  are  bad  (see  same  tables 
Nos.  903  and  923). 

It  confirms  Dr.  Dudley's  general  conclusions,  though  not  for  the 
same  reasons.  While  on  this  subject,  I  may  say  that  I  agree  with 
Mr.  Pourcel,  that  a  high  manganese  rail  may  show  better  wear  than 
a  low  one,  but  not  for  the  same  reason  as  he  gives.  The  manganese 
by  reaioving  oxide  of  iron,  and  counteracting  the  effect  of  silicon 
and  phosphorus,  in  other  words  causing  the  carbon  to  combine, 
performs  a  valuable  function  in  thus  rendering  the  metal  homo- 
geneous ;  but  if  the  same  effect  could  be  produced  without  any 
manganese  being  present,  I  maintain  that  the  steel  would  be  still 
better.  Manganese,  per  se,  is  a  hard,  brittle  metal,  and  there  is  no 
reason  to  suppose  that  when  alloyed  with  iron  its  qualities  change, 
and  that  it  imparts  only  hardness  without  brittleness. 

Unfortunately  I  have  not  been  able  to  make  any  graphite  or  total 
carbon  determinations  except  in  heat  No.  612,  which  I  was  led  to 
examine  more  thoroughly  chemically,  on  account  of  the  phenomenal 
way  it  behaved  in  the  furnace.  It  contains,  besides  the  .16  percent, 
of  combined  carbon,  .15  per  cent,  of  graphite  carbon,  and  .014  per 
cent,  silicon.  Of  course  I  do  not  mean  to  contend  that  .014  per 
cent,  of  silicon  will  account  for  .15  per  cent,  of  graphite ;  but  be  that 
as  it  may,  the  graphite  is  there,  and  produces  the  effect  we  would 
naturally  expect.  With  a  tensile  strength  of  about  63,000  pounds, 
we  only  get  23.5  per  cent,  of  elongation  ;  whereas,  with  the  tensile 
strength  as  low  as  that,  other  things  being  equal,  we  ought  to  get 
about  28  per  cent,  elongation.  The  pig-iron  used  in  this  heat  (about 
15  per  cent,  of  the  total  charge),  was  a  very  high-silicon  No.  1  pig ; 
and  the  test-piece,  after  the  heat  was  melted  and  ready  for  the  ferro- 
manganese,  instead  of  being  tough,  was  as  brittle  as  if  the  carbon 
had  been  .5  per  cent,  or  .6  i)er  cent.  It  was  kept  in  the  furnace  three 
hours  longer  than  the  usual  time  (about  6  hours),  and  doctored  with 
iron-ore  and  blooms,  and  finally  cast  with  the  above  results.  In 
this  case  the  determination  of  carbon  by  either  the  combustion  or 
the  colorimetric  method  alone,  would  not  give  the  desired  infor- 
mation. 

The  methods  employed  for  chemical  analysis  were,  for  carbon, 
the  color-test,  dissolving  a  standard  every  time;  for  phosphorus, 
the  molybdate  method,  weighing  the  yellow  precipitate;  for  manga- 
nese, the  modification  of  Ford's  method,  by  dissolving  in  acid  proto- 
sulphate  of  iron  the  binoxide  precipitated  from  nitric  acid  solution 
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by  chlorate  of  potash,  and  titratino;  with  permanrjanate  of  potash. 
The  latter  method,  when  carefully  worked,  I  regard  as  the  most 
accurate  method  of  determinino-  manganese. 

To  return  to  the  physical  tests:  the  next  point  worthy  of  consid- 
eration, is  the  relation  of  reduction  of  area  to  tensile  strength  and 
elongation.  Steel  may  give  a  high  percentage  of  elongation,  with  a 
comparatively  low  percentage  of  reduction  of  area,  like  the  second 
tests  of  Xos.  611  and  644  ;  or  it  mav  give  a  low  percentnge  of  elon- 
gation, with  a  comparatively  high  percentage  of  reduction  of  area, 
like  Nos.  466  and  490.  But  the  material  that  I  regard  as  being 
best  adapted  for  boilers,  is  that  in  which  both  the  elongation  and 
the  reiluction  of  area  are  high  ;  say,  from  28  per  cent,  to  30  per  cent. 
elongation,  and  from  56  per  cent,  to  60  per  cent,  reduction  of  area. 
The  reduction  of  area  should  be,  and  generally  is,  in  an  8-inch  sec- 
tion, just  double  the  elongation.  When  they  are  both  low,  the  ten- 
sile strength  is  apt  to  be  high,  and  the  quality  inferior. 

It  is  to  be  regretted  that  we  could  not  anneal  the  test-pieces  with- 
out annealing  the  plates,  as  this  would  have  removed  all  variations 
in  the  results,  due  to  differences  of  mechanical  treatment,  and  per- 
haps would  have  prevented  anomalous  results.  So  much  has  been 
written  on  the  treatment  of  steel,  that  it  would  be  out  of  place  for 
me  in  this  paper,  to  do  more  than  mention  in  a  general  way  that 
many  of  the  failures  which  manufacturers  experience  with  steel 
plates,  are  due  to  the  improper  manner  in  which  they  handle  them. 
Moreover,  it  is  certain  that  steel  plates,  after  having  been  flanged 
and  punched,  ought  to  be  annealed  ;  for  even  if  they  do  stand  with- 
out cracking  the  severe  handling  which  they  receive,  they  go  into 
the  boiler  in  a  state  of  strain  or  tension  that  is  dangerous. 

The  5th  test  of  Xo.  464  has  been  inserted  to  show  what  different 
results  can  be  obtained  with  the  same  metal  under  different  treat- 
ment. This  test  was  taken  from  a  plate  made  for  the  centre-keelson 
of  the  "  Dolphin."  It  was  a  difficult  plate  to  make,  being  about  40 
feet  long,  5  feet  wide,  and  nearly  half  an  inch  thick,  and  was  finished 
at  a  black  heat,  giving  results  as  shown  in  the  table.  When,  how- 
ever, a  test-piece  from  the  same  plate  was  annealed,  the  trouble  was 
immediately  remedied,  and  the  test  gave  64,000  tensile  strength  and 
over  25  per  cent,  elongation. 

Finally,  I  wish  to  call  the  attention  of  the  Institute  to  what  I 
consider  the  most  important  point  develojied  by  these  tests,  viz.,  the 
necessity  of  having  some  uniformity  in  the  methods  of  making 
physical  tests.     When  we  read  of  a  piece  of  metal  having  a  tensile 
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strength  of  60,000  lbs.,  and  a  ductility  of  25  per  cent.,  we  should 
know  just  what  these  figures  mean.  With  the  present  methods  of 
testing,  they  may  mean  much  or  little.  Let  standard  test-pieces  be 
established  and  specifications  be  made,  based  on  such  standards. 
Moreover,  unless  the  conditions  under  which  the  tests  are  made  are 
precisely  uniform,  no  two  tests  can  be  compared  with  each  other; 
for  not  only  do  the  size  and  shape  of  test-pieces  affect  the  results,  but 
also  the  time,  manner  of  applying  the  loads,  duration  of  stresses, 
etc.,  etc.  I  give  below  a  few  tests,  showing  the  different  results  ob- 
tained under  different  conditions. 

The  first  test  shows  the  effect  of  different  thicknesses  of  the  same 
metal. 

Dimensions.  Tensile  Strengtii.  Elongation  in  8  inches. 

.762  X  .7    inch.  52,600  pounds.  .S0.8  per  cent. 

1.25    X.36     "  57,200      "  29.68       " 

In  this  case,  by  diminishing  the  thickness  of  the  plate  from  .7  to 
.36  inch,  we  increase  the  tensile  strength  4600  lbs.  These  differ- 
ences are  still  more  marked  and  astonishing  if  we  break  test-pieces 
of  different  sections  from  1  inch  to  8  inches.  Whether  the  loads  be 
api^lied  rapidly  or  slowly,  also  makes  a  difference. 


Section. 

Dimensions. 

Tensile  Strength. 

Elongation. 

1  inch. 

.624  X  .602  inch. 

75,000  pounds. 

8     " 

.8      X  .605     " 

65,600       " 

23.8  per  cent 

1     " 

.633  X  .591     " 

73,500       " 

8     " 

.8      X.588     " 

65,800       "    . 

22.8  per  cent 

across  grain, 
th  grain. 


} 

>  wi 

The  above  tests  were  all  carefully  made  on  steel  furnished  for 
boiler-plate  by  a  well-known  manufacturer  in  this  country.  Again 
with  our  steel : 


Section. 

Tensile  Strength. 

Red.  of  Area. 

Elongation. 

A. 

1  inch. 

67,300  pounds. 

58  per  cent. 

34  per  cent 

A. 

8     " 

58,000      " 

65     "      " 

25  "       " 

B. 

1     " 

69,700      " 

46     "      " 

31  "       " 

B. 

8    " 

57,000      " 

58     "       '= 

27  "      " 

Here  we  have  a  difference  in  the  case  of  B  of  nearly  13,000  lbs. 
Besides  the  difference  in  section,  however,  the  pieces  of  1-inch  sec- 
tion were  all  pulled  fast;  that  is  to  say,  no  appreciable  interval  was 
allowed  between  the  application  of  the  loads  as  in  the  8-inch  sections. 
It  would  be  easy  to  multiply  such  examples;  but  I  think  it  must  be 
evident  from  the  above  that  the  consumer  might  as  well  not  make 
any  specifications,  unless  he  prescribes  all  the  conditions  of  testing, 
viz.,  thickness  of  plate,  size  of  test-piece,  shape  of  test-piece,  amount 
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of  load,  dunition  of  stresses,  etc.  In  view  of  these  facts,  and  the 
time,  trouble,  and  expense  of  making  so  many  physical  tests,  I 
helieve  the  day  is  not  far  distant  when  chemical  specifications  alone 
will  be  prescribed.  Indeed,  it  is  quite  possible  now  to  recognize 
good  or  bad  steel  by  its  chemical  analysis:  and  if  some  one  will 
only  give  us  a  method  for  determining  oxide  of  iron,  it  could  be 
done  with  certainty  every  time.  Chemical  methods  are  becoming 
more  rapid  and  accurate  every  day.  Combined  carbon  can  now  be 
determined  in  five  minutes  and  manganese  in  one  hour,  and  with  a 
previous  knowledge  of  the  stock  from  which  the  steel  is  made,  there 
is  little  more  to  be  desired. 

It  gives  me  great  pleasure  to  acknowledge  the  valuable  services 
of  my  assistants,  Mr.  Josef  Westesson,  who  made  most  of  the  chem- 
ical analyses,  and  Mr.  I^oudon  Richards,  who  had  charge  of  the 
physical  tests. 

XoTE. — From  the  following  table  several  heats  are  omitted,  hav- 
ing failed  for  various  reasons.  In  the  case  of  535,  ingots  remaining 
on  hand  from  an  old  heat,  No.  435,  were  substituted,  and  this  num- 
ber is  inserted  in  the  place  of  535  in  the  table  in  order  to  preserve 
the  proper  correspondence  with  the  "  Testing-machine  Record  "  of 
the  Chester  Rolliuof  Mills. 


672 


PHYSICAL    AND    CHE.MICAL   TESTS    OF   STEEL,     ETC. 


453 
4ti4 
464 
464 
464 
464 
465 

*465 
466 

*466 
467 

*467 
468 
46i) 

*469 
471) 

*470 
471 

*471 
472 

*472 
473 

*473 
474 
475 

*475 
476 
477 

*477 
478 
479 
480 

*480 
481 
482 

*482 
483 
484 

*484 
485 
486 

*4S6 
487 

*487 
488 
489 

*489 
490 
491 

*491 
492 

*492 
493 

*493 
494 

*494 
495 

*495 
496 
497 

*497 

■498 
498 
499 
499 
500 
500 
501 
501 
502 
502 


Inches. 

1.125  X  .35 
1.12  X.59 
.93(')  X  .703 
.985  X  .695 
.967  X  .715 

1.24  X.455 
1.245  X  .482 

1.25  X.482 
.96    X.580 

1.127  X  .442 
.928  X  .57 
.984  X  .579 

1.02  X.285 
.975  X  .448 

1.264  X  .6 
.921  X  .569 
.989  X  .5' 
1,01  X.454 
1.25  X.595 
1.  X  .46 
1.       X  .463 

1.3  X.438 
1.035  X  .55 
1. 1.55  X.. 576 

.985  X  .488 
.985  X  .484 
.94   X.5 
.235  X  .441 
.261 X. 441 

X  .615 
.999  X  .529 
.028  X  .56 
.       X  .564 

X  .475 
.266  X  .495 
.266  X  .504 
.225  X  .485 
.205  X  .418 
.254  X  .44 
.25  X..507 
.135X..50 
.24  X..513 
.19  x.57.i 
.249  x  .586 
.25  X.525 
.072  X  .472 
.246  X  .481 
.187X.339 
.264  X  .408 
.262  X  .411 
.256  X  .292 
.265  X  .293 
.26  X.509 
.2.54  X  .361 
.217  X  .39 
.25  X.387 
.25  X.342 
.25  X..348 
.25 
.2.54  X  .290 
.25   X..S15 

X.47 

X  .475 
.25  x.285 
.25   X.298 

x.5 
.       x.5 
.23   X.327 
.2     X  .321 
.237  X  .37 
.237  X  .37 
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Sq.  in. 

Inches. 

In. 

lbs. 

p.  Ct. 

p.  ct. 

.3937 

.12 

8 

10.186 

20,870 

,53,010 

69 

27.4 

.10 

.036 

.17 

.6628 

.2962 

8 

10.156 

43,3.50 

65,405 

55.3 

26.95 

.19 

.039 

.37 

.6580 

.3049 

8 

10.19 

43,500 

(i6,100 

53.6 

27.38 

.(5840 

.3115 

8 

10.09 

47,200 

68,940 

54.5 

26.12 

.6914 

.29;« 

8 

10.017 

45.250 

65,300 

57.7 

25.21 

.5642 

.30.56 

8 

9.58 

40,000 

70,900 

45.8 

19.7 

rol 

led 

cold. 

.60 

.2511 

8 

10.254 

36,600 

61,000 

58. 

28.2 

.6025 

.3199 

8 

9.978 

36,000 

59,580 

53. 

24.74 

.13 

.035 

.38 

.5625 

.2935 

8 

9.934 

41 ,300 

73,300 

47.8 

24.2 

.20 

.030 

.37 

.5149 

.27 

8 

9.63 

36,000 

69,916 

57.2 

20.37 

.529 

.2412 

8 

9.895 

.36,390 

68,790 

54. 

23.7 

.5097 

.3125 

8 

10.206 

39,330 

69,000 

47. 

27.82 

.2907 

.1417 

8 

9.675 

19,160 

65,910 

48. 

20.93 

.4368 

.196 

8 

10.12 

27,500 

62,900 

55. 

26.5 

.7584 

.36.i6 

8 

10.026 

46,.500 

61,313 

51.7 

25.32 

.5240 

.2501 

8 

10.383 

34,100 

65,000 

52. 

29.8 

.5686 

.2956 

8 

9.9 

36,400 

04,000 

50. 

23.7 

.4.585 

.1891 

8 

10.161 

26  000 

.56,600 

58.7 

27.01 

.7437 

.3471 

8 

9.875 

46,540 

62,600 

53. 

23.44 

.46 

.1925 

8 

10.17 

27,700 

60,130 

58. 

26.13 

.463 

.232 

8 

9.942 

27,600 

59,600 

50. 

24.28 

.5()94 

.2571 

8 

10.25 

33,9.50 

59,600 

54.8 

28.13 

.5692 

.2142 

8 

10.262 

33,700 

59,200 

62.5 

28.15 

.6653 

.2508 

8 

10.469 

36,800 

55,300 

62. 

30.86 

.4806 

.1965 

8 

10.04 

27,700 

57,630 

59.1 

30. 

.4767 

.1885 

8 

10.32 

27,550 

57,790 

56.2 

29. 

.47 

.165 

8 

10.255 

24,900 

53,000 

64.8 

28.25 

.5446 

.261 

8 

10.29 

31,900 

.58,500 

52.1 

28.63 

.5561 

.2594 

8 

10.31 

32,1.50 

57.800 

,53.1 

28.88 

.615 

.255 

8 

10.408 

34,200 

55,600 

58.5 

30.1 

.5284 

.206 

8 

10.138 

'29,300 

.55,400 

61. 

26.98 

.5756 

.261 

8 

10.375 

34,000 

.59,000 

56.3 

29.68 

.564 

.2968 

8 

10.289 

32,400 

57,400 

47.3 

28.61 

.475 

.2131 

8 

10.244 

26,300 

.55,790 

•55. 

28.05 

.11 

.36 

.6266 

.3035 

8 

10.143 

,40,000 

63.83t; 

51.5 

26.79 

.18 

.20 

.38 

.6380 

.3633 

8 

9.68 

41,000 

64,500 

43. 

21. 

.5941 

.2455 

8 

10.208 

32,800 

■55,200 

58.7 

27.60 

.09 

.11 

.36 

.5036 

.2728 

8 

9.882 

35,800 

71,000 

45.8 

23.52 

.15 

.21 

.40 

..5517 

.3451 

8 

9.688 

39,100 

79,860 

37.4 

21.1 

.6337 

.2.52 

8 

10.272 

35,000 

55,200 

60.2 

28.4 

.09 

.11 

.34 

.5675 

!27.30 

8 

10.275 

36.130 

63,665 

51.8 

28.4 

.10 

.12 

.37 

.6361 

.3648 

8 

9.78 

39,100 

61,400 

42.6 

22.25 

.6842 

.2788 

8 

10.17 

41,1.50 

60,143 

59.25 

27  25 

.14 

.15 

.37 

.7219 

.33,56 

8 

10.084 

44,000 

60,9.50 

53.5 

26.05 

.6562 

.264 

8 

10.545 

36,800 

56,080 

59.9 

31.81 

.10 

.14 

.39 

.5059 

.2385 

8 

9.875 

30,000 

59,300 

52.8 

24.68 

.09 

.13 

.40 

.5993 

.2.5.57 

8 

10.025 

35,300 

59,280 

57.9 

25.31 

.4023 

.1842 

8 

9.66 

29,600 

73,.500 

54.2 

20.75 

.16 

.21 

.56 

.514 

.2053 

8 

10.016 

.32,900 

64,000 

60. 

25.2 

.13 

.17 

.50 

..5186 

.2491 

8 

10.046 

32,700 

63,000 

51.9 

25.59 

.3677 

.1.516 

8 

10. 

23,650 

()4,310 

57. 

25. 

.09 

.13 

.49 

.3706 

.1780 

8 

10.264 

23,650 

63,860 

51.9 

28.3 

.6413 

.3521 

8 

9.983 

44,0(10 

68,600 

45. 

24.78 

.14 

.16 

.53 

.4527 

.2055 

8 

10.025 

30,000 

66,200 

54.6 

25.31 

.4746 

.2187 

8 

9.959 

31 ,3(10 

65,900 

53.9 

24.48 

.10 

.16 

..50 

.4837 

.2269 

8 

10.(129 

31,900 

65,900 

53. 

25.36 

.4275 

.19;i8 

8 

9.970 

26,300 

61,500 

54.7 

24.62 

.09 

.13 

.002 

.49 

.4351 

.2229 

8 

10.045 

26,000 

.59.700 

46.4 

25.6 

.3437 

.18-JS 

8 

9.435 

23,460 

67,(;(;o 

46.8 

17.87 

.11 

.15 

.046 

.50 

.3701 

.1702 

8 

9.96 

23,300 

62.900 

54. 

24.5 

.09 

.13 

.46 

3937 

.1896 

8 

9.854 

25,300 

64,700 

49.3 

23.1 

.47 

.2142 

8 

9.912 

.30,000 

64,000 

54.4 

23.9 

.12 

.16 

.0.58 

.49 

.475 

.2338 

8 

10.025 

31 ,800 

66,900 

,50.8 

25.2 

.3.562 

8 

10. 

23.950 

67,300 

52.3 

25. 

.09 

.15 

.031 

..50 

.3725 

8 

9.945 

25,300 

(i7,900 

53.4 

24.31 

.5 

8 

10.256 

31  ,.500 

63,000 

55.2 

28.2 

.11 

.15 

.49 

.5 

8 

10.1  11 

31 .6(10 

63,200 

.55.3 

26.8 

.4022 

8 

9.98 

2('),290 

66,630 

47.4 

24.75 

.11 

.14 

..56 

.3852 

8 

10.128 

24,900 

64,640 

50. 

26.6 

.4.576 

8 

10.048 

28,4.50 

62,200 

52.3 

25.6 

.11 

.15 

.,50 

.4576 

8 

10.048 

29,100 

03,500 

52. 

25.6 
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Inches. 

Sq.in. 

Sq.in. 

Inches. 

In. 

lbs. 

lbs. 

p.  Ct. 

p.  Ct. 

\-'^ 

'..::''   X  .  i^O 

."v4iX> 

.2994 

8 

10.W8 

39.7(K1 

73,000 

44.5 

25.1 

.15 

.17 

.,58 

\  . . . ' 

.49 

.25i>9 

8 

9.955 

31,1.50 

70,:!00 

49. 

24.44 

.■■^   \  .  1  ■ ' 

.14-V,) 

.21150 

8 

9  9 

31,T(X) 

71,(itH) 

.54. 

23.75 

1.      X  .IV. 

.4V) 

.2117 

S 

9.8»M 

3-.>,700 

71  ,.'<00 

53.4 

23.3 

1.25   X.43 

.5;575 

.•2tM9 

8 

9.S61 

39,00(1 

73,000 

45.1 

23.20 

:■  i 

.'.*^1  X  .4SJ 

.4801 

.2304 

8 

10.112 

oO.SOO 

04,  UK) 

52 

20.4 

.09 

.17 

.45 

;.  ■; 

!/■ -\.;<t 

.4873 

8 

9.S75 

31  ,:Vi0 

Ol,:!00 

52!9 

23.13 

;.       \  . ;  •.; 

.453 

.1845 

S 

I0.;i3;> 

28,(WK) 

01,>S(X) 

59.2 

29  1 

.09 

.15 

.39 

.','7    \  .  .'J 

.4181 

2010 

8 

10.08,5 

27.500 

01 ,0(X) 

5,5. 

20.06 

.'.■7  '  \  .  1^  > 

.472S 

.1901 

8 

lO.ltU 

29,7(X1 

02.81  K) 

,58.5 

''7 

.08 

.14 

.43 

.'.•7"'  \  .  ;^."' 

.4728 

.U)02 

8 

10.1  Oti 

29,200 

t!l,7,'iO 

,59.7 

20."31 

",   7 

;,;i'7  X .; '.'. 

..XV-^3 

.2485 

8 

9.911 

33.000 

a5,:!oo 

.50.8 

23.88 

.10 

.15 

..54 

i.242x.-JJ', 

.5278 

.2082 

8 

10.00 

35,000 

00,310 

49.2 

25.83 

l._v,   X.472 

.59 

.3iV'i8 

8 

10.225 

37,000 

02,700 

48.1 

27.8 

.11 

.U 

.19 

.'.'  ^ 

1.25   X.47S 

.5975 

.2705 

8 

lO.OOi; 

37,4(H1 

02,400 

.53.7 

25.77 

o"i' 

l.ii   X.46 

.575 

.201 

S 

10.275 

:>),.|oo 

01,5(i0 

54.6 

28.43 

.08 

.12 

.53 

50» 

1.-25   X.456 

.57 

.2781 

8 

9.9:!7 

30,(X10 

03,000 

51.2 

24.21 

510 

1.25   X.463 

..')7S7 

.2579 

8 

9.9('v.") 

35.700 

01,900 

55.4 

24. (i 

.08 

.15 

.47 

510 

1 245  X  .4K> 

.5785 

.2566 

8 

10.105 

:50,tKK) 

02,100 

55.0 

27.0 

511 

1.       X  .467 

.407 

.2277 

8 

9  97 

2S,,'^)0 

01,001) 

51.2 

24.03 

.07 

.15 

.48 

511 

1.       X  .478 

.478 

.2156 

8 

10.284 

29,0(M) 

00,700 

54.9 

28.55 

512 

1.       X.4S5 

.485 

.2205 

8 

lOOS 

31.300 

04,530 

54.5 

20. 

.13 

.16 

.48 

512 

1.       X  .489 

.489 

.228 

8 

9.SIS 

31,.'>00 

04,400 

53.1 

23.1 

513 

.99   X.464 

.4593 

.2044 

8 

10.120 

2^,4.i0 

01,000 

55.4 

20.5 

.09 

.14 

.47 

513 

.982  X. 46 

.4.517 

.1995 

8 

10.075 

27,.500 

00,800 

.55.8 

25.9 

514 

.983  X  .45 

.4423 

.1883 

8 

9.790 

27,S00 

02.800 

57.8 

22.45 

.12 

.15 

.40 

514 

.983  X  .435 

.4270 

.1909 

8 

9.900 

27,1,50 

03,<»00 

.53.9 

24.5 

515 

1.242  X.3S5 

.4781 

.2405 

8 

9975 

32.000 

08,100 

49.6 

24.7 

.12 

.10 

.53 

515 

1.-23   X.38 

.4674 

.2484 

8 

9.975 

31,900 

08,200 

47. 

24.7 

516 

1.2:i3  X  .48 

.5918 

.2555 

8 

10.115 

37,400 

03.000 

50.8 

20.43 

.10 

.16 

.43 

516 

l.i25  X  .475 

.5818 

.258 

8 

10.145 

37,200 

03,900 

55.5 

26.81 

517 

1.25    x.45i 

.0687 

:lCiU 

8 

9.927 

37,400 

05,7.50 

53.6 

24.08 

.17 

.22 

.43 

517 

1.243  X  .441 

..>181 

.2714 

.    8 

9.872 

30,400 

00,4(X) 

50.4 

23.4 

518 

1.254  X  .404 

.50<)6 

.2312 

8 

10. 

34,000 

07,100 

.58.7 

25. 

.15 

.19 

.43 

51S 

1.25   X.404 

.505 

.2320 

8 

10. 

33,900 

67,100 

54. 

2-5. 

519 

.964  X. 44 

.4242 

.21 

8 

10.133 

27,200 

64,100 

.50.5 

26.0 

.13 

.18 

.49 

519 

.972  X. 435 

.4228 

.198 

8 

9.892 

27,850 

65,800 

52.9 

23.07 

520 

.909  X .69 

.6685 

.3368 

8 

9.8S;i 

41,850 

62,000 

49.4 

23.0 

.12 

.15 

.40 

530 

.985  X  .685 

.0747 

.3:-m 

8 

10.209 

41,000 

01,0110 

49.8 

27.0 

521 

.%2x.722 

.6945 

.3.307 

8 

10.10 

44,2.50 

03,700 

52.3 

27. 

.11 

.14 

.44 

521 

.988  X  .460 

.4.545 

.1918 

8 

10.17 

29,-500 

04,000 

.57.8 

27.1 

522 

.981  X  .686 

.0730 

.2903 

8 

9.986 

43,900 

05,200 

55.3 

24.8 

.12 

.10 

.40 

522 

.985  X  .688 

.0775 

.3i88 

8 

9.82 

40,200 

08,200 

47. 

22.75 

523 

.995  X  .707 

.70:i4 

.2979 

8 

10.110 

43,750 

02,200 

57.6 

20.45 

.09 

.14 

.38 

523 

.997  X  .711 

.7088 

.3106 

8 

10.272 

43,280 

01,080 

54.6 

28.4 

524 

.985  X. 71 

.0093 

.3471 

8 

10. 

42,900 

01 ,300 

.50.3 

9r,  25 

.10 

.14 

.39 

524 

.988  X  .71 

.7015 

.3118 

8 

10.101 

42,800 

G1,0(X) 

55.5 

27;01 

5^5 

1.24  x.r)31 

.6.584 

8 

9.718 

44,Kfl0 

08,000 

21.47 

.12 

.10 

.46 

525 

1.25   X  .■')27 

.0.587 

.3072 

8 

9.702 

42,800 

04.900 

44  3 

22.02 

526 

.967  X  .705 

.0817 

.3299 

8 

9.84 

41.000 

00,120 

51.0 

23. 

.08 

.14 

.40 

526 

.963  X. 698 

.0721 

.3230 

8 

10.117 

40,7.50 

00,020 

.51.9 

20.40 

527 

.%7  X  .706 

.6827 

.3-503 

8 

9.995 

43,6-50 

03,930 

48.0 

21.93 

.12 

.14 

.41 

527 

.985  X  .705 

.0944 

..3431 

8 

9.855 

43,-500 

02,010 

50.5 

23.18 

528 

.997  X  .708 

.70.59 

.3501 

8 

10.003 

52,.500 

74,370 

50.4 

25.78 

.15 

.21 

.40 

528 

.989  X  .709 

.7012 

.36 

8 

9.825 

.52,400 

74,700 

48.0 

22.81 

529 

.983  X  .700 

.6881 

.3272 

8 

10.018 

43,000 

02,480 

.51. 

2.5  22 

.10 

.10 

.10 

529 

1.       X.695 

.695 

.3371 

8 

10.085 

43,3-50 

02,370 

51.5 

20.06 

530 

.98")  X  .703 

.0924 

.343 

8 

9.9 

48,*KXJ 

09,300 

.50. 

23.75 

.18 

.18 

.13 

5.T0 

.98   X.700 

.086 

.3127 

8 

9.8 

48,100 

70,fX)0 

.544 

22.5 

531 

.995  X  .575 

.57-21 

.3013 

8 

9.875 

.38,-500 

07,290 

47.3 

23.43 

.12 

.10 

.35 

531 

.998  X  .577 

.5728 

.2815 

8 

10.1.30 

■Ai,(m 

64,200 

51.1 

20.7 

•'••ij 

1    .!i78  X  ..5.54 

..■^418 

.2874 

8 

9.875 

38,9.50 

71,900 

40.9 

2:5.43 

.13 

.17 

.35 

.',:;2 

.'.'V)  X  ..5.55 

..5406 

.2893 

8 

9.785 

37,85'! 

09,240 

48.5 

23.,37 

."v.;; 

.'.-7.0  X  .Ki2 

.7912 

.36.30 

8 

10.10 

47,700 

00,200 

.54. 

20.25 

.11 

.14 

.30 

:j:',?. 

.mi  X  .837 

.8227 

.3169 

8 

10.38 

47,2f)0 

57,370 

01.5 

29.75 

5.54 

.975  X  .715 

.0971 

.27.56 

8 

10.22 

40,000 

57,370 

00.4 

27.75 

.08 

.12 

.25 

534 

.974  X  .719 

.',<*fA 

.2893 

8 

10.323 

40,0-5f 

.57,180 

58.6 

29.04 

435 

.963  X  .712 

.(•^v; 

.25.y) 

8 

10.225 

Z'i,m) 

.50,900 

62.2 

27.81 

536 

.95   X.693 

'  .0.'.Ki 

.20;« 

8 

10.333 

35,8t0 

,->l,4.'>0 

.56.5 

29.10 

.00 

.11 

.45 

536 

.8ftj  X  .70 

.OO-V) 

.2408 

8 

10.25 

!  32,5.Vt 

53,7-50 

.58.5 

28.12 

537 

1.234  X  .375  1  .4027 

.1898 

8 

10.127 

j  27,900 

0^^3:0 

■5S.9 

20.83 

.09 

.11 

.30 
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Inches. 

Sq.in. 

Sq.in. 

Inches. 

In. 

lbs. 

lbs. 

p.ct. 

p.ct. 

537 

1. 262  X. 368 

.4644 

.2061 

8 

10.145 

28.100 

60,720 

.55.6 

26.81 

538 

1.277  X  .498 

.6359 

.2378 

8 

10.5 

35,900 

56,400 

62.6 

31.25 

.05 

.11 

.24 

538 

1.035  X  .492 

.5092 

.19.50 

8 

10.291 

28,600 

56,100 

61.7 

28.63 

539 

1. 216  X. 492 

.5982 

.2407 

8 

10.2 

33,(i00 

.')6.1(10 

.58, 

275 

.07 

.14 

.33 

539 

1  036  X  .480 

.4972 

.2044 

8 

10.10 

29,350 

59,030 

58.8 

26  2 

5;?9 

1. 038  X. 475 

.4930 

.2027 

8 

10.175 

29,260 

59,300 

58.9 

27.4 

540 

1.25  X.36 

.45 

.225 

8 

10.085 

2.H.000 

62,200 

.50. 

25.81 

.05 

.10 

.31 

540 

1.312  X. 356 

.4671 

.2339 

8 

9.875 

2S,,S50 

111,900 

49.9 

23.43 

541 

1.210  X  .344 

.4162 

.1.S77 

8 

9.96 

25,'JOO 

60,2-50 

54.9 

24.5 

.04 

.13 

.29 

541 

1.25  X  .345 

.4312 

.1870 

8 

10.05 

26,000 

60,296 

56.6 

25.02 

542 

1.210  X  .375 

.4537 

.2231 

8 

10.15 

27,450 

60,500 

50.8 

26.87 

.05 

.14 

..36 

542 

1.25  X.370 

.4625 

.1991 

8 

10..332 

27,900 

60,320 

50.5 

29.15 

543 

1. 205  X. 410 

.4940 

.1961 

8 

10.457 

28,260 

57.200 

60. 

30  7 

05 

.15 

.31 

543 

1.255  X  .416 

.5220 

.2142 

8 

10..30 

29,S,50 

.57,1  SO 

.58.9 

28  75 

544 

1.210  X  .463 

.•5602 

.2422 

8 

10.40 

30,800 

54, MOO 

.56.7 

30. 

.06/ 

.14 

.27 

545 

1.261  X  .335 

.4224 

.1833 

8 

10.267 

23,100 

54,600 

56. 

28.33 

.06 

.13 

.061 

.32 

54tJ 

1.271  X  .398 

.5058 

.2129 

8 

10.1S7 

29,.500 

5S,300 

57.9 

27.3 

.09 

.14 

.057 

.29 

54G 

1.263  X  .4 

.5052 

2378 

8 

10.172 

29,500 

5«,300 

.52.9 

27.15 

547 

1.256  X  .432  , 

.5425 

.2111 

8 

10..512 

31,000 

57,100 

61. 

31.4 

.06 

.15 

.058 

.30 

547 

1.262  X  .428 

.5401 

.2013 

8 

10.425 

31,3)0 

57, MOO 

62. 

30.3 

548 

1.258  X  .35 

.4403 

.1871 

8 

10.40.-, 

■J5,MI0 

5s. (100 

57.5 

30. 

.10 

.16 

.069 

.27 

548 

1. 243  X. 357 

.4437 

.1744 

8 

10.288 

26,500 

50,700 

60.6 

28.6 

549 

1.204  X  .445 

.5257 

.2320 

8 

10.20 

33,300 

63,,300 

55.8 

27.5 

.08 

.19 

.069 

.34 

549 

1. 032  X. 4 13 

.4571 

.1952 

8 

10.23 

28,950 

63,300 

57.2 

27.93 

550 

1.260  X  .325 

.4095 

.1952 

8 

10.245 

26,700 

65,200 

50. 

28.06 

.05 

.15 

.064 

.40 

550 

1.255  X  .34 

.4267 

.1913 

8 

10.310 

26,700 

62,570 

55. 

28.87 

551 

1.2.50  X  .432 

.5400 

.2119 

8 

10.50 

29,650 

(54,900 

60.7 

31.25 

.04 

.11 

.075 

.28 

552 

1.148  X. 415 

.4764 

.1881 

8 

10.358 

27,550 

57,820 

56.3 

29.47 

.04 

.13 

.075 

.30 

552 

1.165  X  .410 

.4776 

.2093 

8 

10.225 

27, .5.50 

57,680 

56.2 

27.8 

553 

1.160  X  370 

.4292 

.1581 

8 

10.15 

22,400 

52,190 

62.6 

30.6 

.04 

.11 

.051 

.25 

553 

1.115  X. 373 

.4158 

.1548 

8 

10.36 

21,700 

52,180 

62.8 

29.5 

554 

1.125  X  .415 

.46()8 

.2131 

8 

10.29 

28.100 

60,200 

54.3 

286 

.06 

.16 

.062 

.42 

554 

.995  X. 41 7 

.4149 

.1709 

8 

10.208 

25,1.50 

60,600 

58.7 

27  6 

555 

1.0G4  X  .419 

.4458 

.1966 

8 

10.325 

26,200 

58,800 

.55.9 

29.06 

.04 

.14 

.064 

.28 

555 

1.115  X. 392 

.4370 

.1860 

8 

10.265 

25,900 

.59,200 

57.2 

28  2 

556 

.750  X  .672 

.5040 

.2371 

8 

10.385 

30,150 

59,800 

52.9 

29.8 

.06 

.15 

.043 

.30 

55G 

.773  X  .71 

.5488 

.22012 

8 

10.275 

31,500 

57,100 

59.8 

28  43 

557 

.762  X  .7 

.5334 

.2227 

8 

10.465 

28,100 

52,600 

52. 

308 

.06 

.14 

.050 

.29 

557 

1.25  X.36 

.45 

.2117 

8 

10.375 

25,750 

.57.220 

53.7 

29.68 

557 

1.312X.37 

.4854 

.1980 

8 

1 0.06 

27,650 

.56,960 

57. 

25.75 

558 

1.25  X.375 

.4688 

.2612 

8 

9.875 

:;o,600 

65,200 

41.3 

23.43 

.06 

.15 

.046 

.38 

558 

1.26  X.385 

.4851 

.2327 

8 

9.915 

29,700 

(11,000 

52. 

23  9 

559 

1.03  X.346 

.3563 

.1435 

8 

10.36 

110,500 

57,500 
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25.37 

.08 

.16 

.039 

.39 

5(;i 
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.05 

.27 
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57,100 
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8 
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.041 
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.5064 
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.1810 
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51.4 
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.3433 

8 

9.72 
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43.8 

21.5 

.11 
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.41 
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1.028  X  .595 
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8 
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46.7 
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..5842 
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8 
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10.28 
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57,SOO 
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28,5 
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8 
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.17 

.039 

.29 
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1.048  X  .7 

.7335 
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8 

10.22 

42,250 

.57,600 

.55  6 
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8 
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51.6 
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.08 

.15 

.048 

.30 
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8 
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35,600 

57,800 
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8 

10.188 
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.07 

.15 

.055 

.32 

5b;i 

l.OtW  X  .543 

.5799 

.2485 

8 

10  594 

32, 4  W 

5,>,910 

57.1 

32.42 

58.5 

1.252  X  468 

.5859 

.2101 

8 

10.316 

38,000 

61,800 

54.5 

28.9 

585 

1. 252  X.  46-5 

.5831 

.-2693 

8 

9.9 

39,:>00 

67,300 

53.8 

2^3.7 

586 

125   X.475 

.5937 

.2889 

8 

10.05 

35,100 

59.120 

51.3 

25.62 

.08 

.13 

.052 

.33 

586 

1.245  X  .47 

.5N)1 

.2575 

8 

20.127 

34.800 

58,100 

55.9 

26.6 

587 

1.248  X  .475 

.5932 

.2562 

8 

10.31 

34,650 

58,400 

56.8 

28.9 

.08 

.14 

.046 

.33 

587 

1.24   X.47 

.5828 

3138 

8 

10.1.32 

37,000 

63,400 

44.2 

2G.9 

588 

1. 242  X. 495 

.6148 

.•225 

8 

10.072 

38,700 

62,iKJ0 
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25.9 

.12 

.10 

.048 

.43 

588 

1.252  X  .503 

.6297 

•2912 

8 

9  953 

38,000 

60,300 
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24.4 
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10.05 

40,0  10 

fi5,:wo 

52.7 

25.6 
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48.9 

23.8 

oyl 

1.22.3  X  .488 
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48.9 
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.059 
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1.2.3S  X  .49 
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.3114 

8 

10.088 

39,150 

63,400 

49.4 

26.1 
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1.236  X  518 

.6402 
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8 

10.05 

42,150 

65,800 

46.3 
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.12 

.14 

.045 

.41 

592 
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.6332 

.3884 
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41,400 

65,380 

38.6 

25. 
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1.28  X.505 

.6464 

.3421 

8 
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41,150 
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26.3 
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.6433 
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.6247 

.;J067 

8 

10.128 

39,750 

63,600 

50. 

26.6 

595 

1.26   X.448 

.5644 

.2441 

8 

10.25 

52,750 

57,800 

56.7 

'28.1 

.08 

.13 

.040 

.36 

595 

1.26   X  445 

.5()07 

.2651 

8 

10.110 

53,500 

,39,700 

52.7 

26.4 

596 

1.215  X  .487 

.5917 

.3122 

8 

9.97 

36.650 

61,900 

40.7 

24.6 

.12 

.16 

.037 

.42 

596 

1.19    X.480 

.57-22 

.3045 

8 

10.067 

37,-250 

65,000 

46. 

25.8 

597 

1.-22   X.471 

.5746 

.-2964 

8 

9.915 

37,500 

65,^200 

48.4 
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.3589 

8 
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38,900 
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..56.52 
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65,900 

51.8 
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.5917 

.»« 
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23.2 
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63,7fK) 
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22.5 
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8 
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.08 
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.051 
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8 

10.38 
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()0,00( 

48.2 

29.7 

G15 

1.24  X.47 

.5828 

.2801 

8 

10.185 

30,10( 

01,90( 

.50.9 

27.3 

.10 

.17 

.051 

.41 

015 

1  248  X  .473 
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8 
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37,10( 

(>2,SO0 

48.0 

25. 

016 

1 .257  X  .5 

.0285 

.2882 

8 

10.317 

38,75( 

01 ,000 

54. 

28.9 

.09 

.10 

.057 

.41 

016 

1.271  X. 5 

.63.55 

.3094 

8 

9.915 

30,750 

62,500 

51. 

24.3 

017 

1.255X..51 

.04 

.3034 

8 

10.00 

43,400 

07,800 

47.4 

25.75 

.10 

.20 

.066 

.39 

017 

1.270  X  .512 

.0502 

.3492 

8 

10.00 

43.050 

07,100 

40.3 

25.75 

018 

1.27  X.513 

.6515 

.3718 
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9.8^1 

41,8.'iO 
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42.9 
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1.26  X.548 
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42,400 

62,300 

51.8 

25.3 
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THE  LAW  OF  THE  APEX. 

BY   R.    W.    RAYMOND,   NEW   YORK  CITY. 
APPENDIX. 

Since  the  foregoino;  pajier  (sec  p.  387)  was  printed,  I  have  re- 
ceived the  decision  of  Judge  William  E.  Church,  of  the  first  District 
Court  of  Dakotah,  in  the  case  of  Michael  Dxiggan  et  al.  v.  John  li. 
and  Frank  J.  Davei/  (Silva  Terra — Sitting  Bull  case),  published  in 
full  in  the  Bhick  Hills  Weehhj  Pioneer  of  August  9th,  1884.  The 
journal  mentioned  gives  also  several  interlocutory  decisions  rendered 
in  earlier  stages  of  the  case;  hut  I  shall  quote  here  only  so  much  of 
the  final  decision  as  bears  upon  the  construction  of  the  Revised 
Statutes  concerning  the  apex,  the  end-lines,  and  the  extra-lateral 
mining  right,  together  with  a  sufficient  statement  of  the  facts  of  the 
case  to  explain  the  scope  of  the  decision. 

"This  is  an  action  in  equity, brought  in  tlie  first  instance  to  restrain  a  threatened 
trespass  by  the  defendants  upon  certain  mining  property  in  the  possession  of  the 
plaintiflTs,  known  as  the  'Silver  Terra'  chiim ;  the  allegation  being  that  the  defend- 
ants were  about  to  enter,  tlirough  underground  workings,  the  ground  of  the  plain- 
tiffs, and  remove  therefrom  valuable  bodies  of  silver  ore. 

"  The  answer  of  the  defendants,  admitting  the  acts  constituting  the  alleged  threat- 
ened trespass,  further  averred  that  tiiey  had,  in  fact,  at  the  time  coni])lained  of, 
readied  and  passed,  in  their  underground  workings,  through  and  beyond  the  ver- 
tical sideline  of  the  Silver  Terra  claim,  and  thereupon  justified  the  acts  complained 
of,  and  claimed  the  right  to  pursue  their  workings  into  and  through  the  Silver 
Terra  ground,  by  virtue  of  their  alleged  proprietorship  of  a  vein,  lode,  or  ledge  of 
rock  in  place,  bearing  silver,  having  its  top  or  apex  within  the  lines  of  a  certain 
other  mining  claim  called  the  'Sitting  Bull,'  of  which  they  claim  to  be  the  owners, 
which  vein,  lode,  or  ledge  extended  in  a  continuous  body  of  mineral-bearing  rock 
from  such  top  or  apex  to  the  ground  in  controversy,  and  constituted  the  body  of  ore 
in  dispute;  and  that  it  was  in  the  pursuit  of  this  vein,  lode,  or  ledge  in  its  down- 
ward course  that  they  had  passed  beyond  the  vertical  side-lines  of  the  Sitting  Bull 
claim,  and  for  some  hundreds  of  feet  beyond,  into  the  ground  in  controversy 

" Sulisequently,  a  supplemental  complaint  was  filed,  setting  up  the  entry  into 
plaintiflTs'  ground  by  the  defendants,  and  their  claim  of  right  to  do  so,  and  asking 
further  relief  by  a  decree  restraining  the  assertion  of  such  claim,  and  quieting  the 
title  of  plaintiflTs. 

"The  case  was  tried  before  the  court  without  a  jury 

"Custer  hill,  upon  which  these  claims  are  located,  is  situated  in  the  village  of 
Galena,  in  Bare  Butte  mining  district,  in  this  county.  The  village  lies  at  the  base 
of  the  western  slope  of  the  Iiill,  wliich  presents  a  lateral  face  from  south  to  north 


678  THE    LAW    OF   THE   APEX. 

(taken  alon<j  the  line  of  the  outcrop  hereafter  mentioned)  of  1300  or  1400  feet — of 
course  at  tlie  base  it  is  somewhat  wider.  At  its  northern  extremity  it  turns  to  the 
east;  and  its  northern  slope  presents  a  lateral  face,  from  west  to  east,  of  upwards 
of  3000  feet  at  least.  Along  its  base,  and  followinji;  it  in  this  turn,  in  the  direction 
indicated,  is  a  small  stream  called  Bare  Butte  Creek.  Tiiese  slopes  are  quite  steep, 
and  extend  from  base  to  summit,  about  1200  to  1300  feet.  The  whole  country  is 
hilly  and  broken;  and  this  hill  is  only  one  of  a  series  of  similar  elevations,  with 
which  it  is  more  or  less  directly  connected.  Northwardly,  across  Bare  Butte  valley 
or  gnlcli,  which  is  there,  perhaps,  500  feet  or  more  in  width,  is  another  hill,  known 
in  this  case  as  the  Florence  hill,  whose  southern  slope  extends  laterally,  from  west 
to  east,  nearly  parallel  with  Custer  hill. 

"  Beginning  now  at  or  near  tlie  southern  extremity  of  the  western  slope  of  Custer 
liill,  at  a  point  perhaps  half-way  or  more  up  the  slope,  there  is  found  an  outcrop- 
ping layer  or  stratum  of  a  reddish  quartzite  or  metamorphic  sandstone,  several  feet 
in  thickness  (upwards  of  10  feet,  at  least),  overlaid  by  a  body  or  stratum  of  lime- 
stone or  dolomitic  shale,  of  a  thickness  not  definitely  ascertained,  but  certainly  ex- 
tending several  feet  above  the  quartzite This  is  tlie  furthest  point  north- 
wardly [southwardly?  E,.  W.  R  ]  or  westwardiy  to  which  attention  has  been  given 
in  the  case. 

"From  this  point  the  croppings  maybe  readily  traced,  in  several  places  by  high, 
reef-like  ledges,  jutting  out  boldly  from  the  face  of  the  hill,  along  the  western  face 
of  [to?  R.  W.  R]  its  northern  extremity.  The  general  bearing  of  this  line  of 
cropping  in  the  direction  indicated  is  given  by  Mr  Dickerman,  one  of  the  defend- 
ants' witnesses,  as  N.  11  degrees  W.,  the  distance  as  1243  feet,  and  the  angle  of  in- 
clination upwards  from  south  to  north  as  3  degrees  26  minutes.  Mr.  White,  a 
witness  for  plaintiffs,  gives  the  distance  as  1300  feet,  and  the  angle  of  inclination  as 
somewhat  less  than  that  stated.  At  the  northern  extremity  of  the  hill,  this  line  of 
outcrop  of  quartzite  with  overlying  limestone  or  dolomite  turns  and  extends  along 
the  northern  slope  with  a  downward  inclination,  thus  gradually  nearing  the  base  of 
the  hill,  until,  at  a  distance  of  something  over  2500  feet  (not  established  by  the 
testimony)  it  disappears  beneath  the  bed  of  the  creek 

"Along  the  whole  line  of  this  outcrop  as  thus  described,  locations  of  mining 
claims  appear  to  have  been  made,  which  I  note  here,  as  they  have  been  referred  to 
in  the  testimony,  mainly  for  convenience  of  description  and  reference. 

"First  on  the  south  is  the  War  Eagle  location,  north  of  that  the  Savage,  then,  on 
the  same  face  of  the  hill,  the  Custer.  1  believe  another  location  called  the  High- 
land (;hief,  embraces  some  part  of  this  line,  but  have  no  certain  reference  to  it. 
On  the  northern  slope  are,  first  the  Neptune,  then  the  Sitting  Bull,  and  then  the 
McClellan — all  located  in  an  easterly  and  westerly  direction,  end  to  end,  along  this 
line  of  outcrop  already  described  extending  across  the  northerly  face  of  the  hill. 

"  More  specifically  with  reference  to  the  Sitting  Bull,  that  location  is  situated 
about  midway — east  and  west — of  the  northerly  face  of  the  hill,  and  extends,  from 
the  point  of  discovery,  about  690  feet  in  a  direction  S.  74°  30'  W.  (reversely  N.  74° 
30'  E.),  and  from  the  same  point  about  the  same  distance  N.  89°  30'  E.  The  end- 
lines  are  parallel,  having  a  bearing  of  S.  35°  E.  The  claim  is  thus  about  1380  feet 
long,  and  is  about  300  feet  in  width.  Throughout  this  length,  the  line  of  outcrop 
described  is  wholly  within  the  side-lines  of  the  location,  and  passes  through  the 
end-lines  very  nearly  at  their  middle  points. 

"Adjoining  the  Sitting  Bull  on  the  south,  and  passing  up  the  hill  in  the  order 
named,  are  the  Tiger  Tail,  Surplus,  Fraction,  and  Silver  Terra  locations,  all  laid 
substantially  parallel  with  the  Sitting  Bull.  The  Tiger  Tail  is  owned  or  claimed 
by  the  defendants;  the  others,  by  tiie  phiintiffs,  or  some  of  theia.     Adjoining  the 
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Tiger  Tail  and  Surplus  on  the  west,  ami  the  Sitting-  Bull  on  the  north,  is  another 
claim  of  the  plaiutiHs  oalle<l  tiie  Kielimoml.  For  tiie  Silver  Terra  and  Sitting  Hull 
claims  the  plaintitls  and  deteudants  respootivoly  hold  patents  of  the  United  States. 

"  As  already  statetl,  the  ledge  within  tiie  Sitting  Bull  location  has  hcen  exposed 
bv  numerous  excavations,  and  drifts  have  heen  run  in  various  directions  in  the 
quartzite  trom  all  of  which  more  or  less  valuable  silver  ore  lias  from  time  to  time 
been  extracted. 

"•....  I  must,  therefore,  find  this  body  of  quartzite  to  be  a  vein,  lode,  or  ledge 
of  rook  in  place,  bearing  silver,  within  the  meaning  of  the  statute. 

"  Secondly.  Is  the  top  or  apex  of  this  vein  or  lode  within  the  lines  of  the  Sitting 
Bull  location? 

"The  definition  of  the  top  or  a|iex  of  a  vein  usually  given,  is  '  the  cud  or  edge 
of  a  vein  nearest  the  surface'  And  to  this  definition  the  defendants  insist  we  "must 
adhere  with  absolute,  literal,  and  exclusive  strictness,  so  that  whenever,  under  any 
circumstances,  an  edge  of  a  veyi  can  be  found  at  any  surface,  regardless  of  all  other 
circumstninces,  that  is  to  be  considered  as  the  top  or  apex  of  the  vein.  The  extent 
to  which  this  view  was  carried  by  the  defendants,  and  I  must  confess,  its  logical 
results,  were  exhibited  by  Professor  Dickerman,  their  engineer,  who,  replying  to 
an  inquiry  as  to  what  would  be  the  apex  of  a  vein  cropping  out  at  an  angle  of  one 
degree  from  the  vertical,  on  a  perpendicular  hillside,  and  cropping  out  also  at  a 
right  angle  with  that  along  the  level  summit  of  the  hill,  stated  that,  in  his  o{)inion, 
the  whole  line  of  that  outcrop  from  the  bottom  clear  over  the  hill  as  far  as  it  ex- 
tendetl,  would  he  the  apex  of  the  vein. 

"Some  other  witnesses  had  a  similar  opinion. 

"The  definition  given  is,  no  doubt,  correct  under  most  circumstances,  but,  like 
many  other  definitions,  is  found  to  lack  fulness  and  accuracy  in  special  cases ;  and 
I  do  not  think  important  questions  of  law  are  to  be  determined  by  a  slavish  adher- 
ence to  this  letter  of  an  arbitrary  definition.  It  is,  indeed,  difficult  to  see  how  any 
serious  question  could  have  arisen  as  to  the  practical  meaning  of  the  terms  top  or 
apex,  but  it  seems,  in  fact,  to  have  become  somewhat  clouded.  1  apjirehend  that  if 
any  intelligent  person  were  asked  to  point  out  the  top  or  apex  of  a  house,  a  spire, 
a  tree,  or  a  hill,  he  would  have  no  difficulty  in  doing  so,  and  I  do  not  see  why  the 
same  common-sense  should  not  be  applied  to  a  vein  or  lode.  Statutory  words  are 
to  receive  their  ordinary  interpretation,  except  where  shown  to  have  a  special 
meaning-  and  as  I  think  the  testimony  shows  that  these  terms  were  unknown  to 
miners  in  their  application  to  veins,  before  the  statute,  the  ordinary  rule  would 
seem  to  apply  to  them. 

"Justice  Goddard,  a  jurist  of  experience  in  mining  law,  in  his  charge  to  the  jury 
in  the  case  of  the  Iron  Silver  v.  The  Louisville,  defines  top  or  apex  as  the  highest  or 
terminal  point  of  a  vein  '  where  it  approaches  nearest  the  surface  of  the  earth,  and 
where  it  is  broken  on  its  edges  so  as  to  appear  to  be  the  beginning  or  end  of  the 
vein.' 

"Chief  Justice  Beatty,  of  Nevada,  who  is  mentioned  in  the  report  of  the  Public 
Lands  commission  of  1879-80,  as  'one  of  the  ablest  jurists  who  has  administered 
the  mining  laws,'  in  his  letter  to  that  commission  says,  after  defining  dip  and  course 
or  strike  :  'The  top  or  apex  of  any  part  of  a  vein  is  found  by  following  the  line  of 
its  dip  up  to  the  highest  point  at  which  vein-matter  exists  in  the  fissure.  According 
to  this  definition,  the  top  or  apex  of  a  vein  is  the  highest  part  of  a  vein  along  its 
entire  course.  If  the  vein  is  supposed  to  be  divided  into  sections  by  vertical  planes, 
at  right  angles  to  strike,  the  top  or  apex  of  each  section  is  the  highest  part  of  the 
vein  between  the  planes  that  bound  that  .section  ;  but  if  the  dividing  planes  are  not 
vertical,  or  not  at  right  angles  to  a  vein  which  departs  at  all  from  a  perpendicular 
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in  its  downward  course,  tlien  the  highest  part  of  the  vein  between  such  pLiues  will 
not  be  the  top  nor  apex  of  the  section  which  they  include.'  (Eeport  of  Public 
Lands  Commission,  page  399.) 

"  I  am  aware  that  in  several  adjudged  cases,  top  or  apex  and  outcrop  have  been 
treated  as  synonymous,  but  never,  so  far  as  I  am  aware,  with  reference  to  a  case 
presenting  the  same  features  as  the  present. 

"  The  word  apex  ordinarily  designates  a  point,  and,  so  considered,  the  apex  of  a 
vein  is  the  suiamit,  the  highest  point  in  the  vein  in  the  ascent  along  the  line  of  its 
dip  or  downward  course,  and  beyond  which  the  vein  extends  no  further;  so  that  it 
is  the  end,  or,  reversely,  the  beginning  of  the  vein. 

"The  word  top,  while  including  apex,  may  also  include  a  succession  of  points, 
that  is,  a  line ;  so  that  by  the  top  of  a  vein  would  be  meant  the  line  connecting  a 
succession  of  such  highest  points  or  apices,  thus  forming  an  edge. 

■'I  have  spoken  of  'the  dip  or  downward  course'  of  the  vein,  treating  these 
words  as  synonymous,  and  so  I  think  they  nuist  be  regarded.  Dip  and  depth  are 
of  the  same  origin — dip  is  ihe  direction  or  inclination  towards  the  depth ;  and  it  is 
'  throngliout  their  depths  '  that  veins  may  be  followed,  and  this  is  surely  their  down- 
ward course. 

"Mr.  Kiotte  gives  us  a  different  definition.  He  says :  'Starting  any  line  upon 
the  apex  of  tlie  vein,  and  nmning  down  upon  the  vein  parallel  to  the  end-lines' 
(of  the  location)  'the  inclination  that  line  has  is  the  downward  course  of  the  vein.' 
And  when  asked :  '  So  that  the  direction  of  the  end-lines  of  a  mining  location  ab- 
solutely fixes  the  direction  of  the  downward  course  of  the  vein  ?'  he  replies :  '  As  far 
as  it  interests  the  man  who  has  located  that  claim.' 

"  Elsewhere  he  says,  that  in  his  view  of  the  law,  end-lines  of  locations  are,  as  he 
expresses  it,  'swingable,'  so  that  when  the  locator  determines  the  direction  of  his 
ore-chutes,  he  may  swing  his  end-lines  j^arallel  to  them  so  as  to  take  thera  in 
throughout  their  depth. 

"A  very  little  reflection  will  show  that  if  this  be  the  law,  a  locator,  instead  of 
being  limited  to  fifteen  hundred  feet  along  the  vein,  could  readily  place  his  end- 
lines  at  such  an  angle  as  practically  to  control  nearly  three  thousand  feet  of  the 
vein. 

"  With  all  proper  respect  for  this  gentleman's  opinion,  I  cannot  accept  his  views 
upon  this  subject  at  all.  I  think  it  clear  that  the  law  intended  these  lines  to  be 
laid  substantially  at  right  angles  to  the  general  course  or  strike  of  the  vein — since 
in  no  other  way  could  the  locator  be  limited  to  a  given  length  along  the  ledge. 

"  This  seems  to  have  been  the  view  taken  of  the  law  by  the  three  learned  judges 
who  sat  in  the  Richmond-Eureka  case.  It  is  true  that  they  there  hold  tliat  the 
provisions  of  the  law  of  1872,  requiring  parallel  end-lines,  may  be  regarded  as 
merely  directory,  so  that  a  failure  to  so  lay  them  would  not  invalidate  the  location  ; 
but  I  think  the  whole  force  of  the  observations  of  the  court  upon  tliis  point  lies  in 
their  assumption  that  it  makes  no  difl^erence  how  the  miner  may  choose  to  locate 
his  end-lines,  since  the  law  limits  his  right  to  that  section  of  the  lode  or  ledge 
carved  out  by  vertical  planes,  drawn  through  the  extreme  points  or  ends  of  his  line 
of  location,  at  right  angles  with  a  line  representing  the  general  course  or  strike  of 
the  lode.     (See  pp.  360-3G3  of  Copp's  U.  S.  M.  L.,  second  edition.) 

"  In  this  same  case,  on  appeal  to  the  Supreme  Court  of  the  United  States  (13 
Otto,  p.  844),  the  fact  is  noted  that  the  '  zone,'  as  it  is  called,  dips  at  right  angles  to 
its  course  or  strike,  and  that  the  extension  downwards  of  the  compromise-line, 
which  was  coincident  with  the  end-lines  of  the  adjacent  claims,  followed  the  dij)  of 
the  zone. 

"  I  have  been  led  into  some  digression  from  the  strict  line  of  my  argiUneut. 
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"  Hearing  in  mind  the  descriptions  heretofore  given  of  tlie  two  lines  of  outcrop 
on  Custer  hill,  if  we  might  suppose  tiuit  the  oiUcrop  along  the  nortlierly  face  were 
nearly  vertical,  I  do  not  see  how  it  could  be  serionsly  contended  that  such  outcroji, 
under  the  circumstances,  constituted  the  top  or  apex  of  this  stratinn  of  quart/ite. 
Such  a  conclusion  could  only  be  reached,  as  it  seems  to  me,  by  shutting  one's  eyes 
to  every  feature  of  the  case,  except  the  one  fact  that  there  was  an  edge  at  or  near 
tlie  surface,  which  was,  therefore,  the  top  or  apex  of  the  vein. 

"  This  I  cannot  do  without  such  a  violation  of  the  ordinary  use  of  words  and, 
with  all  tlie  respect  and  deference  which  1  feel  for  tiie  opinions  of  the  learned 
counsel  for  the  defence,  I  must  say,  without  such  a  transgression  of  the  dictates  of 
a  sound  common-sense  view  of  the  situation  as,  in  my  judgment,  the  statute  does 
not  contemplate.  J^or  can  I  see  that  there  would  be  any  diflerence  whatever  in 
principle  were  this  outcrop  to  be  found  at  an  angle  of  45  degrees,  or,  as  it  is,  at  an 
angle  of  about  S  degrees  from  the  horizontal.  I  am  compelled,  therefore,  to  hold 
that  this  outcrop,  found  in  the  Sitting  Bull  location,  is  not  the  top  or  apex  of  this 
vein,  kxle,  or  ledge,  and  that  such  top  or  apex  is  not  within  that  location.  I  nmst 
regard  that  outcrop  as  merely  an  expostne  of  the  edge  of  the  vein  on  the  line  of 
its  dip. 

"  But  thirdly.  If  this  is  not  the  top  or  apex  of  the  vein,  then  neither  is  it  its 
longitudinal  course. 

"That  by  the  use  of  the  term  '  along  the  vein,'  the  statute  requires  a  location  to 
be  made  along  its  longitudinal  course  or  strike,  1  shall  not  stop  to  argue.  Such 
again  was  the  opinion  of  the  court  in  the  Eureka-Richmond  cnse. 

"But  by  the  term  'strike,'  in  this  connection,  I  do  not  mean  the  technical  true 
strike  of  the  engineer,  the  line  which  would  be  cut  by  a  horizontal  plane.  Such  a 
requirement  would  be  in  many  cases  imjfl-acticable. 

"  The  Supreme  Court  of  the  United  States  has  said  in  the  Flagstaff  case  {Mining 
Company  v.  Tarbet,  8  Otto,  463),  that  '  the  most  practicable  rule  is  to  regard  the 
course  of  the  vein  as  that  which  is  indicated  by  surface  outcrop  or  surface  explora- 
tions and  workings' — and  I  have  no  disposition,  as  I  should  not  be  at  liberty,  to 
disregard  the  doctrine  of  that  case,  so  far  as  it  is  applicable  to  the  circumstances. 

"  In  that  case,  a  line  of  outcrop  ran  up  a  hill  nearly  in  a  westerly  direction.  A 
level  line,  run  somewhere  beneath  the  surface,  showed  the  strike  to  be  north  50 
degrees  west.  The  line  of  the  Titus  location  was  not  far  from  midway  between 
thtse  two ;  and  the  court  held,  as  against  the  Flagstaff,  which  was  laid  across  these 
lines,  that  the  location  of  the  Titus  was  a  good  one,  using  the  language  above 
quoted.  There,  moreover,  the  dip  of  the,  vein  was  northeastward,  and  no  such 
question  arose  as  that  involved  in  this  case. 

"  In  view  of  the  principles  already  laid  down,  I  think  that  the  longitudinal  course 
of  this  zone  of  quartzite  is  indicated  by  the  croppings  on  the  west  face  of  the  hill, 
and  not  by  those  on  the  northerly  slope. 

"After  what  has  been  said,  it  would  seem  unnecessary  to  consider  whether  this 
vein  so  far  departs  from  a  perpendicular  in  its  course  downward  as  to  extend  out- 
ride the  vertically  extended  side-lines  of  defendants'  location,  and  through  the 
intervening  ground  to  the  ground  in  controversy — such  could  not  be  the  case,  con- 
sistently with  the  facts  already  ascertained. 

"  It  may  be  conceded,  as  indeed,  a  mathematical  conclusion  from  the  facts,  that 
by  extending  drifts  from  the  Sitting  Bull  location  throughout  its  vertically  extended 
south  side-line,  in  any  direction  upon  the  vein  east  of  south,  a  downward  inclination 
would  be  found;  and  that  such  is  the  fact  with  regard  to  the  main  working  tunnel, 
which  extends  to  the  ground  in  controversy ;  but  clearly  this  is  not  what  the  statute 
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contemplates;  and  if  I  am  right  in  my  other  conclusions,  probably  this  proposition 
would  not  be  contestedi  .... 

"  The  decree  must  be  that  the  plaintiffs  are  entitled  to  the  relief  demanded. 

"This  disposes  of  the  case  for  the  present;  but  I  feel  bound  to  express  my  ac- 
knowledgment of  the  courtesy  of  counsel  throughout  the  whole  of  this  long  and 
weary  trial,  both  to  me  and  to  their  adversaries.  The  importance  of  the  interests 
involved,  and  the  fact  that  this  is  the  first  case  of  the  kind  which  I  have  been  called 
upon  to  try,  have  led  me  to  give  many  hours  of  my  best  thought  and  study  to  the 
determination  of  its  questions,  as  I  endeavored  to  give  patient  attention  to  its  hear- 
ing. I  am  not  conscious  of  having  evaded  any  of  its  responsibilities,  but  liave 
endeavored  to  so  state  the  facts  and  my  conclusions  thereon,  as  to  present  the  case 
in  the  best  practicable  form  for  the  review  which  I  hope  may  be  made. 

"  I  am  fully  aware  of  the  importance  of  this  determation  to  the  defendants.  This 
case  affords  another  exem})lification  of  the  unfortunate  results  attendant  upon  the 
]>urpose  of  the  government  to  dispose  of  ore-bodies  as  things  distinct  from  the  soil. 
The  present  laws  are  a  hot-bed  of  litigation,  and  fruitful  source  of  error. 

"  I  could  wish  that  this  case  had  fallen  into  abler  and  more  experienced  hands 
tlian  mine,  but  the  duty  has  fallen  upon  me,  and  I  have  discharged  it  to  the  best  of 
my  ability." 

If  Judge  Cliurch  had  had  long  experience  in  mining  cases,  it  is 
quite  likely  tliat  he  would  have  decided  this  question  differently; 
but  in  that  case  he  might  really  have  contributed  less  to  its  final 
solution.  The  matter  is  surrounded  with  doubt;  and  it  is  no  small 
advantage  to  the  mining  industry  ^hat  it  should  be  presented  for  the 
ultimate  decision  of  the  Supreme  Court  in  a  clear,  thorough,  and 
conscientious  opinion  like  the  foregoing,  although  that  opinion  seems 
to  contravene  the  general  present  usage  of  miners,  the  letter  of  the 
Supreme  Court  decision  in  the  Flagstaff  case,  and  the  letter  of  the 
statute. 

This  case  may  be  better  understood  by  reference  to  Fig.  3,  in  the 
foregoing  })aper,  which  is  here  reproduced  for  convenience.  Assum- 
ing the  right-hand  side  of  the  figure  to  be  north,  and  the  lower  line 
e  e  of  the  claim  E  to  represent  the  ridge  of  Custer  hill,  we  have  the 
outcrop  s  xty  running  along  the  western  slope,  turning  at  g,  extend- 
ing along  the  northern  slope  through  z,  crossing  the  gulch  and  ap- 
pearing again  at  w  in  Florence  hill.  Of  course  the  directions  and 
])roportions  are  not  exactly  those  of  the  actual  case,  since  the  figure 
is  a  purely  imaginary  one.  But  it  was  drawn  to  exhibit  just  such 
conditions  as  those  described  by  the  court.  The  plaintiffs  in  the  case 
do  not  claim  that  their  lines  embrace  the  outcrop.  They  are  situ- 
ated as  would  be  tlie  owner  of  a  location  of  which  the  point  u  is 
the  centre,  but  in  which  the  outcrop  t  is  not  included.  At  least, 
they  do  not  plead  the  possession  of  any  apex,  but  rest  on  their 
rights,  as  surface-owners,  to  all  minerals  beneath  their  surface,  ex- 
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cept  such  as  may  be  included  in  lodes  of  which  otlier  locators  pos- 
sess the  "  top  or  apex."  The  court  holds,  very  properly,  that  the 
burden  of  proof  is  upon  any  one  who  pretends  to  the  right  to  enter 
the  plaintiffs'  ground.  The  mere  exhibition  of  the  patent  or  loca- 
tion-record, and  proof  of  the  surface-lines,  raakes  a  complete  case 
for  the  plaintiffs,  unless  the  defendants  can  affirmatively  prove  that 
in  entering  the  plaintiffs'  ground,  they  are  following  on  its  down- 
ward course  a  lode  of  which  the  apex  is  within  their  own  ground. 

The  defendants  occupy  the  position  of  the  locator  A  in  the  figure. 
For  the  purposes  of  this  decision,  we  may  assume  that  they  have 
the  prior  title.  (There  was  conflicting  testimony  on  this  point;  but 
the  court  passed  it  by,  as  not  affecting  the  result  under  the  final 
ruling.)  They  have,  beyond  dispute,  the  outcrop  ^ 2;  r/;  and  they 
claiju  the  right  to  follow  the  vein  indefinitely  between  the  lines  aaf, 
aaf,  and  hence  into,  and  through,  the  location  including  ic. 

The  court  decides  that  gz  g\B  an  undoubted  outcrop,  but  not  the 
top  or  aj)ex  ;  that //^  is  not  the  longitudinal  course  of  the  vein; 
that  r//is  not  the  direction  of  its  downward  course;  and,  by  impli- 
cation, that  the  extra-lateral  rights  of  the  defendants  are  bounded 
by  gh,  gh.     This  is  the  case  in  a  nutshell. 

In  my  paper,  I  have  stated  both  sides  of  the  question  with  suffi- 
cient clearness,  and  do  not  purpose  to  reopen  its  discussion  here. 
The  weak  point  in  Judge  Church's  decision  seems  to  be  a  certain 
indefiniteness.  He  says  he  does  not  mean  by  the  longitudinal  course 
or  strike  "  the  technical  true  strike ;"  and  he  does  not  mean  the 
course  as  shown  on  the  surface.  The  truth  is,  that  unless  one  or 
the  other  of  these  directions  is  adopted,  there  can  be  no  guide  at  all 
to  the  locator.  I  infer  that  the  court  thinks  the  true  strike  should 
be  sought,  and  that  a  rough  approximation  to  it  would  be  accept- 
able, and  would  not  be  deemed  open  to  later  corrections.  The 
vagueness  of  this  rule  is  evident.  Moreover,  the  difficulty  of  mak- 
ing a  location  under  the  rule  would  be  very  great.  It  must  be  re- 
membered that  the  Land  Office  holds  the  locator  to  his  lines  as  once 
surveyed  and  fixed,  and  will  allow  no  change  of  them  which  affects 
the  rights  of  other  parties.  Now,  under  the  ruling  just  quoted, 
how  could  A  in  Figure  3  make  a  valid  location,  being,  as  we  have 
assumed,  the  first-comer  on  the  hill,  and  having  discovered  only  the 
exposed  outcrop  ?  According  to  mining-customs  and  the  intention 
of  the  law  (to  say  nothing  of  its  letter)  this  first  discoverer  of  a 
valuable  mineral  vein  should  have  the  right  to  a  full  claim  upon  it. 
The  fact  that  he  has  discovered  it  in  a  steep  place,  instead  of  a  level 
place,  ought  not  to  prevent  him  from  acquiring  and   enjoying  that 
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riglir.  Xor  shoukl  the  law  snv  to  him  :  "  Well  done,  enterprising 
prospector;  you  imve  found  a  lode  hitherto  unknown.  Now  work 
it  underground,  or  discover  it  again  in  other  places,  and  trace  it 
until  vou  know  its  true  course,  at  least  approximately;  and  then 
you  may  make  a  location  on  it,  the  end-lines  of  which,  being  drawn 
across  the  true,  or  nearly  true,  course,  shall  be  your  boundaries." 
He  onght  not  to  be  bound  to  know,  or  to  find  out  before  location, 
the  course  of  tlie  vein  outside  of  the  claim  he  proposes  to  lay  upon 
it ;  and  while  it  is  true  that  (except  in  the  rare  case  of  a  [)erfectly 
vertical  vein)  the  surface-outcrop,  not  being  level,  cannot  show  the 
true  coui-se,  yet  that  negative  fact  helps  him  little. 

But  we  will  suppose  that  A,  Fig.  3,  makes  his  location  after  having 
discovered  the  outcrops  at  x,  and  y,  and  after  having  divined  (for  he 
could  not  well  have  proved  at  this  early  stage  of  operation)  that  x,  y 
and  z  are  all  outcrops  of  one  lode,  and  that  its  course  is  in  the  gene- 
ral direction  xy.  Xevertheless,  for  some  reason,  say  because  the  ore 
exposed  at  z  is  richer  than  elsewhere,  he  desires  to  include  that  part 
of  the  lode  in  his  claim.  Under  this  ruling,  he  might  put  one  end- 
line  at  lower  g,  with  the  direction  gh.  But  where  could  he  put  the 
other?  If  he  should  draw  it  through  the  point  c  on  the  vein,  with 
the  direction  d,  then  he  would  have  on  the  true  course  of  the  vein 
the  length  Jh  (the  h  nearest  P) ;  but  his  claim  on  the  surface  tollow- 
ing  the  outcrop,  would  be  nearly  or  quite  twice  as  long;  and  the 
chances  that  the  Land  Office  would  admit  such  a  location,  or  public 
sentiment  would  tolerate  it,  would  be  very  small.  The  Revised 
Statutes,  it  will  be  remembered  (section  2320),  declare  that  a  mining- 
claim  "  may  equal,  but  shall  not  exceed,  1500  feet  in  length  along 
the  vein  or  lode,"  but  also,  that  it  "shall  be  governed  as  to  length 
along  the  vein  or  lode  by  the  customs,  regulations,  and  laws  in  force 
at  the  date  of  their  location."  Now,  I  think  there  is  no  doubt  that 
the  customs  of  miners,  now  as  heretofore,  have  limited  the  length  of 
the  claim  by  the  surface-measurement,  so  that,  if  1000  or  1500  feet 
were  the  customary  length,  no  pretext  would  be  permitted  to  justify 
a  claim  longer  than  that  by  surface-measurement.  The  consequent 
difficulty  of  A,  in  the  case  supposed,  might  be  further  described,  but 
is,  I  trust,  plain  enough. 

Another  point  in  the  decision  seems  to  require  comment.  The 
court  criticises  the  statement  of  Mr.  Riotte,  one  of  the  expert  wit- 
nesses, who  has  said  that,  in  his  view  of  the  law,  end-lines  of  locations 
are  "swingable,"  so  that  when  the  locator  determines  the  direction 
of  his  ore-shoots  he  may  swing  his  end-lines  parallel  to  them  so  as 
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to  take  them  in  throughout  their  depth.  If  this  be  a  correct  repre- 
sentation of  Mr.  Riotte's  view,  that  view  is  undoubtedly  erroneous. 
A  locator  cannot  swing  or  move  his  lines  after  once  fixing  them,  if 
the  existing  rights  of  others  would  be  affected  by  tlie  change.  But 
the  proposition  that  he  may  originally  locate  them  (or  change  them 
by  re-survey,  if  the  existing  rights  of  others  are  not  affected  thereby) 
so  that  they  will  include  the  supposed  downward  course  of  the  ore- 
shoots,  is  a  different  one,  and  not  so  certainly  erroneous.  Whether 
right  or  not,  it  is  and  has  been  a  common  practice. 

Again,  this  decision  seems  to  ignore  the  peculiar  form  of  the 
grant  of  the  extra-lateral  right  in  the  Revised  Statutes.  This  I 
have  already  pointed  out  in  my  paper.  The  law  first  gives  to  the 
locator,  broadly  and  sweepingly,  all  the  lodes  of  which  his  claim 
includes  the  top  or  apex,  and  it  is  after  this  comprehensive  grant 
that  the  limiting  proviso  occurs,  restricting  such  ownership  of  the 
outside  parts  of  such  lodes  to  the  portions  included  between  the 
extended  end-lines.  The  language  is  not  easily  capable  of  any  con- 
struction tiiat  does  not  make  one  pair  of  end-lines  the  boundaries  for 
the  extra-lateral  right  on  all  lodes  the  top  or  apex  of  which  is  within 
the  claim.  It  does  not  explicitly  require  that  these  end-lines  should 
cross  the  true  course  of  the  lode  at  right  angles.  And  the  attempt 
to  make  it  mean  this  involves  a  difficulty  which  may  be  best  stated 
by  a  supposition.  Suppose  the  location  contains  the  apexes  of  two 
lodes,  one  crossing  the  end-lines  at  right  angles,  and  the  other  cross- 
ing the  same  end-lines  with  maximum  obliquity.  What,  under  this 
dei-Msion,  are  the  boundaries  of  the  extra-lateral  right  on  the  latter? 

Let  us  now  consider  more  closely  the  manner  in  which  this  de- 
cision deals  with  the  utterance  of  the  Supreme  Court  in  the  Flagstaff 
case.  On  page  30  of  my  paper  the  words  of  the  Supreme  Court  are 
quoted.  It  there  appears  that  ^^  the  principal  difficulty  in  the  case 
arises  from  the  fact  that  the  surface  is  not  level,  but  rises  up  a  moun- 
tain," so  that  the  strike  of  the  vein  which  is  really  northwest,  is 
made  to  appear  on  the  surface  as  west,  the  dip  being  northeasterly. 
And  in  another  quotation,  on  page  48,  the  court  distinctly  says,  "As 
the  law  stands,  we  think  that  the  right  to  follow  the  dip  of  the  vein 
is  bounded  by  the  end-lines  of  the  claim  proi)erly  so-called;  ichich 
lines  are  those  which  are  crosswise  of  the  general  course  of  the  vein  on 
the  surface."  On  page  30,  the  court  goes  on  to  say  that  perhaps  the 
law  is  imperfect  in  this  regard  ;  "  perhaps  the  true  course  of  a  vein 
should  correspond  with  its  strike,  or  the  line  of  a  level  run  through 
it;  but  this  can  rarely  be  ascertained  until  considerable  work  has 
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been  done,  and  after  claims  and  locations  have  become  fixed.  The 
most  praotietil  rule  is  to  rei;ard  the  course  of  the  vein  as  that  which 
is  iiulicatod  bv  surface-outcrop,  or  ?urface-explorati(Mi  and  workings. 
It  is  on  this  line  that  claims  will  naturally  be  laid,  lohatevcr  he  the 
character  of  the  surface,  ichether  level  or  //k7/»(v/." 

Judge  Church  quotes  part  of  this  passage,  disclaims  any  intention 
of  disrci^arding  it,  and  declares  that  the  Flagstaff  case  did  not  in- 
volve  the  question  now  befcn'e  him.  It  is  true  that  the  Flagstaff 
decision  settled  chietly  the  point  that  the  side-lines,  if  they  cross  the 
vein  on  the  surface,  become  the  end-lines,  and  limit  the  extra-lateral 
right ;  but  in  coming  at  this  point,  we  have  the  word  of  the  Supreme 
Court  that  the  ditference  between  surface-course  and  true  course  con- 
stituted the  princijial  difficulty  in  the  case.  This  difference  amounted 
to  about  4o  degrees ;  in  the  case  before  the  DaUotah  court,  the  corre- 
sponding difference  appears  to  have  been  nearly  90  degrees.  The 
difference  between  these  differences  does  not  seem  to  involve  any 
principle.  And  the  declarations  of  the  court,  above  quoted,  seem  to 
me  to  cover  the  Sitting  Bull  case.  For  the  court  says  in  the  same 
decision  (see  page  -18  of  my  paper)  that  in  its  opinion,  "  the  right  to 
follow  the  dip  outside  of  the  side-lines,  is  based  on  the  hypothesis 
that  the  direction  of  these  lines  corresponds  substantially  with  the 
course  of  the  lode  or  vein  at  its  apex  on  or  near  the  surface;"  and 
this,  taken  in  connection  with  the  declaration  that  the  course  on  the 
surface  may  not  be  the  true  course,  and  the  fact  that  in  the  case  at 
bar,  it  was  not  the  true  course  within  some  45  degrees,  constitutes  a 
strong  statement,  which  Judge  Church's  brief  treatment  does  not 
fully  meet. 

His  decision  coincides  in  part  with  that  suggasted  on  page  52  of 
my  paper.  But  the  objections  there  raised  to  it,  which  appeared  to 
me  insurmountable,  have  not  been  removed  by  this  more  recent  con- 
struction of  the  law.  If  the  Supreme  Court  will  take  Judge  Church's 
view,  well  and  good.  We  shall  know  where  we  stand,  at  least ;  but 
there  will  be  a  great  unsettling  of  titles.  For  against  this  ruling 
Unite<l  States  patents  afford  no  protection.  Its  full  logical  conse- 
quences would  require  the  rectification  of  innumerable  underground 
l)oundaries,  heretofore  determined  by  end-lines  which  do  not  cross 
at  right-angles  the  true  courses  of  lodes.  In  many  instances^  the 
ownership  of  valuable  bonanzas  would  be  changed  by  such  a  rectifi- 
cation. To  return  for  illustration  to  Fig.  3,  if  the  true  end-boundaries 
of  the  extra-lateral  right  of  A  an;  ///(,  gJi,  then  the  boundary  of  C's 
rights  I  at  the  left  end  of  his  claim)  must  be  cl  instead  of  ci ;  and  if 
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the  triangle  lei  contains  a  bonanza,  E  will  get  it  instead  of  C,  though 
C  was  on  the  ground  first,  and  laid  out  his  location  before  E  had 
been  heard  of. 

It  would  be  going  too  far,  however,  to  assert  that  this  principle 
could  not  be  practically  applied.  Aside  from  the  difficulty  of  deal- 
ing with  existing  rights,  it  appears  to  be  practicable  that  the  mineral 
surveyor  should  be  required  in  laying  out  the  surface-lines  of  a  lo- 
cation, to  see  that  the  end-lines  cross  at  approximately  right-angles 
the  horizontal  course  of  the  lode,  provided,  that  his  determination 
and  location  of  such  lines  be  final,  and  not  subject  to  later  rectifica- 
tion. If  the  horizontal  course  of  the  lode  throughout  the  location  is 
not  straight,  then  the  necessary  parallelism  of  the  end-lines  must  be 
secured  by  assuming  an  average  course,  or  by  drawing  a  horizontal 
line  through  the  two  ends  of  tlic  claim  on  the  lode,  and  assuming 
that  to  be  its  course.  Or  other  claims  on  the  vein,  if  such  exist,  or 
other  exposures  of  it,  if  such  can  be  traced,  might  be  taken  into  ac- 
count ;  and  the  general  course  of  the  lode,  as  far  as  it  is  known,  might 
be  adopted,  irrespective  of  local  variations,  as  the  line  across  which 
the  end-boundaries  must  be  laid  at  right  angles.  The  side-lines, 
however,  must  run  parallel  with  the  lode  at  the  surface ;  and  the 
discoverer  of  an  outcrop  on  a  hillside  would  generally  be  put  at  dis- 
advantage, because  he  could  not  get  a  surface-claim  conforming  to 
the  law  which  would  give  him  its  full  length  on  the  horizontal 
course  of  the  lode.  Considering  the  circumstance  that  the  larger 
number  of  outcrops  discovered  are  not  level,  but  inclined,  and  are 
first  found  on  hillsides,  where  denudation  has  usually  brought  them 
within  reach  of  human  discovery,  this  objection  is  a  serious  one. 
The  system  could  be  enforced  ;  but  it  would  not  be  popular,  and  its 
success  would  be  doubtful.  Pei'haps  it  would  diminish  litigation 
over  mining  rights ;  but  to  take  rights  away,  in  order  that  j)co})le 
may  not  fight  about  them,  is  a  remedy  not  calculated  to  console  the 
litigants. 

The  matter  is  again  summed  up  in  the  sentences  of  Judge  Church's 
decision,  in  wdiich  I  heartily  concur  :  "  This  case  affords  another  ex- 
emplification of  the  unfortunate  results  attendant  upon  the  purpose 
of  the  government  to  dis])ose  of  ore-bodies  as  things  distinct  from  the 
soil.  The  present  laws  are  a  hot-bed  of  litigation,  and  fruitful  source 
of  error."  He  might  have  added,  that  this  "  purpose  "  of  the  gov- 
ernment has  its  origin  and  continuance  in  the  desire  of  the  mining 
communities  themselves.  If  they  would  favor  a  change,  it  could 
easily  be  secured. 
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Abbott,  Arthur  V.,  Improvements  in  Methods  for  Physical  Tests  [448],  607.     Re- 
marks on  the  torsion-balance,  572. 

Accidents,  proportion  of,  in  the  anthracite  mines  of  the  Lehigh  Coal  and  Naviga- 
tion and  the  Philadelphia  and  Reading  Coal  and  Iron  Companies,  594,  596. 

Account  of  a   Chemical  Laboratory  erected  at  Wyandotte,  Michigan,  in  the  year  1863 
(DuRFEE,  [176],  223. 

Adams,  W.  H.,  The  Pyrites  of  Louisa  County,  Va.  [450],  527. 

Akron  Furnace  coal-mines,  Hocking  Valley,  Ohio,  324. 

Alabama,  Geology  and  mineral  resources  of,  144. 

Albany  and  Rensselaer  Iron  and  Steel  Co.,  Visit  to  Bessemer  Works,  176. 

Albany  Iron  Works,  Troy,  N.  Y.,  Visit  to,  176. 

Aldrich,  Mr.  and  Mrs.  F.  H.,  Reception  at  house  of,  456. 

Allatoona  Hills,  Georgia,  specular  iron-ore  [134]. 

Alleghany  County,  Maryland,  siderite  [142]. 

Amalgamability  of  hammered  gold,  105. 

Amaliramation :  of  gold  by  Designolle's  process,  104;  of  silver  by  barrel-process, 
103;  of  various  minerals,  auriferous  or  fused  with  gold,  380,  385. 

Amenia,  N.  Y..  hematite-mine  [91].  137. 

Analyses  and  Tests  of  Sled  (Salom)  [450],  661. 

Analyses:  Of  anthracite  coal  from  Pennsylvania,  219. 

Of  bituminous  coal :  Alabama:  Cahaba  field.  154,  162;  Warrior  field,  152,  163; 
Pennsylvania:  Berlin  field,  472 ;  Connellsville,  115;  lower  Kittanning  seam, 
123  ;  Somerset  County,  326,  477,  484,  487,  491  et  seq.;  Tioga  County,  343;  Vir- 
ginia :  S<juthwest  Virginia  Improvement  Company,  26  ;  West  Virginia :  Fayette 
County,  118,  119,  120;  Mexico,  566. 
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Analyses:  Of  chloritic  schist,  Adams  County,  Pa.,  82. 

Of  coke :  Alabama,  Warrior  coal-field,  151, 152 ;  Colorado,  Crested  Butte,  123, 125 ; 
El  Moro,  121,  122;  District  of  Columbia,  Washington  gas-works,  124;  Ohio, 
Leetonia,  Columbiana  County,  123,  124;  Pennsylvania,  Connellsville,  115,  116, 
117,  212;  Johnstown,  Pa.,  212;  I'ennessee,  Rockwood,  121  ;  Fir^/m/a,  Lowmoor, 
120  (see  p.  386) ;  West  Virginia,  Eagle  ovens,  Kanawha,  117  ;  Fire  Creek,  Fayette 
County,  120  (this  slionld  be  Lowmoor,  Va. ;  see  correction  and  Fire  Creek 
analyses,  p.  386) ;  Sewall,  Fayette  County,  119;  Quinnemont,  118;  St.  Clair 
ovens,  118;  Stone  Cliff,  Fayette  County,  120. 

Of  copper-ores:  Alabama:  Chilton  and  Calhoun  Counties,  172;  Pennsylvania: 
South  Mountain,  90. 

Of  ferromanganese  (see  also  Spiegeleisen)  used  at  Pittsburgh,  Pa.,  313. 

Of  fire-clays,  Ohio,  506. 

Of  iron-ores  :  Iron-ores  of  the  United  States:  Alabama :  brown  hematite,  165, 
16f);  black-band  magnetites  and  red  hematites,  167,  168;  Colorado:  Limonite, 
639;  magnetite,  640;  Michigan:  Lake  Superior,  red  hematite,  557;  Kepublic 
mine,  Lake  Superior,  hematite,  313;  Neu^  York:  carbonate  at  Amenia,  92; 
the  same  roasted,  521;  Pennsylvania:  South  Mountain,  brojvn  liematite,  21; 
Tennessee:  Sullivan  County,  red  and  brown  hematite  and  magnetite,  24,  25  ;  Vir- 
ginia :  Houston  mines,  Botetourt  County,  brown  liematite,  21  ;  Botetourt  County, 
red  hematite,  18;  Brown  Hill,  magnetic  and  brown  hematite,  3");  Buena  Vista 
furnace,  Rockbridge  County,  brown  hematite,  21 ;  Forney,  near  New  River, 
brown  liematite,  23;  Fox  Mountain  bank,  Rockingliam  County,  brown  hema- 
tite, 21  ;  Graham  Old  Banks  mine,  32 ;  Irondale,  specular  and  brown  hematite, 
37  ;  Middle  James  River  [555]  ;  Page  County,  brown  hematite,  21  ;  Pulaski 
County,  magnetic,  29,  30  ;  Rockbridge  County, brown  hematite,  19;  Shenandoah 
Valley,  brown  hematite,  21 ;  Speedwell,  magnetic  and  brown  and  red  hematite, 
23,  38  ;  Van  Liew,  brown  hematite,  23,  35  ;  Wythe  County,  brown  hematite,  23  ; 
Wisconsin,  225,  226  ;  Other  Countries  :  Canada :  Bethlehem,  magnetic,  201 ; 
Bristol,  magnetic,  195;  Calabogie  Lake,  magnetic,  199 ;  Haycock,  hematite, 
193;  Hull,  magnetite  and  hematite,  195;  Glendower,  magnetic,  204;  Roberts, 
magnetic,  202;  Sherbrooke,  magnetic,  196;  England:  Cleveland,  carbonate, 
363 ;  Mexico :  Durango,  557  ;  La  Paloma,  555. 

Of  kaoline  from  Alabama,  172. 

Of  lignite  from  Fox  Hill,  Colorado,  122;  Laramie,  Wyoming,  121. 

Of  limestones,  dolomites  and  marbles  of  Alabama,  169,  170;  limestone  used  at 
Pittsburgh,  Pa.,  313. 

Of  manganese  ores:  Alabama,  172;    Virginia,  Augusta  County,  22. 

Of  mineral  water,  from  Blount  Springs,  Alabama,  171. 

Of orthofelsite.  South  Mountain,  Pa,  90. 

Of  pig-iron,  made  with  coke  in  Alabama,  171 ;  No.  1  Titan  charcoal,  313 ;  Wassaic, 
N.  Y.,  92. 

Of  crust  on  pig-iron,  642,  643. 

Of  pyrites  :  Alabama,  172;  Louisa  County,  Va.,  532;  Norway,  532  ;  Rio  Tinto, 
Spain,  532;  San  Domingo,  Portugal,  532;  Wicklow,  Ireland,  532. 

Of  ramosite,  Mexico,  630. 

Of  serpentine,  Chester  County,  Pa.,  354. 

Of  silver-ores :  Mexico :  Arroyo,  563 ;  Pinitos,  563 ;  Riojas,  563  ;  San  Rafael,  563  ; 
Sonora,  279 ;  Nevada,  Bertrand  mine,  43. 

Of  spiegeleisen  (see  also  Ferromanganese),  German  A.  U.,  313. 

Of  steel,  open-hearth  :  Pittsburgh,  Pa.,  313;  Tliurlow,  Pa.,  672. 
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Analvses:  Of  tantalite,  161. 

Of  wronglit-inm  :  blooms  from  Chateanpay,  N.  Y.,  313. 

Of  zinc:  spelter  from  Cripple  Creek,  Virginia,  31. 
Analysis,  methods  of.     See  under  the  various  elements. 

Anderson  Mountain,  Catawba  Kiver,  North  Carolina,  magnetic  iron-ore  [135]. 
Ankeny  coal-mine,  ^lilford  Station,  Pa.  [476]. 
Anthony's  Ntwe,  N.  Y.,  pyrites-deposits  of  [o30]. 
Anthracite  compared  with  coke  for  blast-fnrnaces,  218. 
Apatite  7)<7)i,-ti7>>-  of  Canada  (IIvnt)  [-J-40],  4o9. 
Apex,  the,  in  the  U.  S.  mining  law,  412,  677. 
Apple's  coal-mine,  Queniahoning,  Pa.  [478]. 
Armiuius  copper-mines,  Va.,  pyrites-deposits  in,  531. 
Aroostook  County,  Maine,  red  hematite  [137]. 
Arroyo  silver-mine,  ^lexico  [537,  543],  544. 
Asbestos,  Coosa  and  Tallapoosa  Counties,  Alabama  [161]. 
Ash,  its  maximum  in  coal,  344. 

AsHBVRNER.  Charles  A.,  Remarks  on  the  death  of  James  Park,  Jr.  [10]. 
Ashland  coal-mine,  Hanging  Rock  district,  Kentucky,  324. 

Assays   (see   also   Analyses)  :   Of  silver-ores   and   tailings  from   Bertrand   mine, 
kevada,  45,  46,  4S,  49,  50,  58,  59. 

Of  silver-ores  in  Mexico,  545,  561. 
Associates  :  Election  of,  Roanoke  meeting,  11  ;  at  Troy  meeting,  177  ;  at  Cincinnati 

meeting,  453  ;  Change  of  status  to  member,  12,  178,  454. 
Attala,  Alabama,  fossil  ore  [140]. 
Atlantic  copper-mine,  Michigan,  65. 

ArcHY,  George,  Remarks  on  incrustations  on  pig-iron,  644. 
Augusta  County,  Va.,  red  hematite  [138]. 
Augustine  coal-mine,  Somerset  County,  Pa.  [483]. 

ArsTix,  Dr.  W.  Lawrence,  Smeltinp  Notes  from  Chihuahua,  Mexico  [179],  185. 
Ayers,  W.  S.,  Remarks  on  tamping  drill-holes,  577. 

Baer's  coal-mine,  Somerset  County,  Pa.  [482]. 
Baker's  coal-mine,  Coxe's  Creek,  Pa.  [476,  482]. 
Balsley  copper-mine,  Adams  County,  Pa.  [89]. 
Baltimore  and  Ohio  R.R.  Co.,  relief  fund,  601. 

Banks,  John  D.,  Remarks  at  opening  session  of  Cincinnati  meeting,  448. 
Barnes,  P.,  Notes  on  the  Construction  of  Large  Chimneys  [11];  A  Water- Gas  Pro- 
ducer at  Elr/in,  III.  [176],  359. 
Barnet  coal-bed.  Pa.  [324]. 
Barnhardt  coal-mine,  Will's  Creek,  Pa.  [487]. 
Barren  Measure  coal-beds,  Pa.,  495. 
Barron  coal-mine.  Middle  Creek  Township,  Pa.  [487]. 
Bartlett  Iron  Mountain,  N.  H.  [132]. 
Ba.sic  Bessemer  process,  in  South  Chicago  works,  268. 
Beachy  coal-mine,  Quemahoning  field.  Pa.,  495. 
Beam  coal-mine,  Somerset  County,  Pa.  [482],  496. 
Bear  Beds  iron-mine,  Floyd  County,  Va.  [133]. 
Beaver  County,  Pa,  brown  hematite  [142]. 
Bechtel  copper-mine,  Adams  County,  Pa.,  82,  89. 
Bedford  County,  Pa.,  carlwnate  iron-ore  [141]. 
Bedford  County,  Pa,,  fossil-ore  [140]. 
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Bedford  County,  Va.,  red  hematite  [138]. 

Bell's  Gap  Railroad  Company's  coal-mine,  Pa.,  323. 

Beneficial  Fund  of  the  Lehigh  Coal  and  Navigation  Company  (Harrfs)  [449],  587. 

Bennington  coal-mine,  Pa.  [323],  475,  491. 

Bennington  County,  Vermont,  limonite  [137]. 

Ben's  Creek  coal-mine,  Pa.  [475]. 

Berkey's  coal-mine.  Shade  Creek,  Pa.  [476,  478,  486]. 

Berkshire  County,  Mass.,  limonites,  137. 

Berlin  coal-bed,  Pa.,  323,  471,  495. 

Bernardston,  Mass.,  magnetic  iron-ore  [137]. 

Bertha  zinc-mine,  Virginia  [28,  30],  31  [32]. 

Bertrand  silver-mine  and  mill  (lixiviating),  Secret  Canyon,  Nevada,  43. 

Bessemer  converters,  trunnions  of,  272. 

Bessemer  Plant  of  the  North  Chicago  Boiling  Mill  Company,  at  South  Chicago  (For- 
syth) [176],  254. 

Bessemer  process  :  Material  for  lining  converter,  230;  Testing  metal  by  the  "  chill  " 
method,  265;  Use  of  steam,  266. 

Bessemer  steel,  first  made  in  America,  273. 

Bethlehem  iron-mine,  Levant  township,  Canada,  200. 

Betty  Baker  pyrites-mines,  Carroll  County,  Virginia,  39. 

Bibb  Coimty,  Alabama,  brown  hematite  [138],  155. 

Big  Ridge,  Scott  County,  Va.,  brown  hematite  [141]. 

Biographical  Notice  of  C.  W.  Siemens  (Maynard)  [451],  645. 

Biographical  Notice  of  Louis  Gruner,  Inspector- General  of  Mines  of  France  (Egleston) 
[10],  126. 

Birkinbine,  John.  Boasting  Iron-ores  [179],  361. 

Birmingham,  Ala.,  fossil  ore  [140]. 

Birmingham,  Ala.,  pyrites-deposits  of  [530]. 

Black-band  iron-ore  in  carboniferous  rocks,  142;  In  triassic  rocks,  143. 

Blair  County,  Pa.,  limonite  [140]. 

Blair's  process  for  iron  sponge,  524. 

Bland  County,  Va.,  fossil  ore  [140]. 

Blast-furnace  of  the  Crozer  Steel  and  Iron  Company  at  Boanoke,    Va.   (Witherow) 
[10],  601. 

Blast-furnaces:  Arcadia,  Botetourt  County,  Va.,  18  [20]  ;  Bnena  Vista,  Rockbridge 
County,  Va.    [20],  21 ;  Cambria  Iron  Company,  Pa.  [212]  ;  Cedar  Run,  Va. 
[31]  ;  Cleveland  Rolling  Mill  Company,  207  ;  Cloverdale,  Botetourt  County,  Va. 
[20]  ;  Colebrooke,  Lebanon,  Pa.,  218  ;  Cotopa.xi,  Rockbridge  County,  Va.  [20]  ; 
Crozer,    Roanoke,   Va.,  26,  106;    Edgar  Thomson  "E"  furnace,  Pittsburgh, 
Pa.,  218  :  Glenwood,  Rockbridge  County,  Va.  [20]  ;  Goshen,  Va.  [527]  ;  Is- 
abella, Pittsburgh,  Pa.,  205;  Ivanhoe,  Virginia,  38;  Lowmoor,  Va.   [527] 
Mount  Torry,  Augusta  County,  Va.  [20]  ;  Moxahala,  Perry  County,  Ohio,  506 
Mt.  Vernon,  Ohio,  506;  Pierce's  Falls,  Va.  [32]  ;  Reed  Island,  Va.  [29,  31] 
Roanoke,  Va.  [527]  ;  Shenandoah  Iron  Company's  furnace,  Va.  [20],  26  ;  Slate 
furnace,  Bath  County,  Ky.   [140]  ;  Wassaic,  N.  Y.,  91 ;  White  Rock,  Wythe 
County,  Va.  [28]  ;  Wythe  County,  Va.  [22]  ;  Vesuvius,  Rockbridge  County,  19. 

Blast-furnaces:  Boilers  and  boiler-settings  for,  204;  Coke  as  a  fuel  for,  212. 

Bloomsburgh,  Montour  County,  Pa.,  fossil  ore  [140]. 

Blue  vitriol,  manufactured  in  the  converter,  276. 

Blossburg  coal-mine,  Arnot,  Tioga  County,  Pa.,  324. 

Blount  Springs  water,  Ala.,  analyses  of,  171. 
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Blowing-engine,  "Weimer's,  107. 

Blue  Riilge  Springs,  entertainment  at,  10. 

B(H\H  Nueva  silver-mine,  Mexico,  oo2. 

Bog  iron-ore  in  Tertiary  rocks,  143  ;  Of  the  Atlantic  coast,  144. 

Boilers  and  lioiler-stttintjsjor  BlaM-furnacfg  ((JoRDONJ  [178],  204. 

Biuler-plate,  steel,  (>61  ;  Tests  of,  olo. 

Bollinger  Conntj,  Mo.,  limonite  [139]. 

Boston  and  Colorado  Smelting  Works,  Argo,  Col.  [40]. 

Botetourt  County,  Va.,  red  hematite  [138]. 

Bowers,  W.  H.  H.,  --1  Silver  Amalgamation-mill  [450]. 

Bowling  Green  Forge,  Lee  County,  Ya  ,  brown  hematite  [141]. 

Bowman's  coal-mine,  Quemahoning,  Pa.  [476]. 

Boyd  County,  Ky.,  carbonates  and  limonites  [141]. 

Boyd,  C.  R.,  The  Ores  of  Cripple  Creek,  Virginia  [9],  27. 

Bradfonl  County,  Pa.,  fossil  ore  [141]. 

Brandt  coal-mine,  Milford,  Pa.  [476]. 

Brewer  gold-mine,  Chesterfield  County,  South  Carolina  [100]. 

Bridgman,  H.  L.,  letter  to  Secretary,  179. 

Bristol  iron-mines,  Canada,  195. 

Broad  Top  coal-field,  Pa.,  323. 

Brockville,  Canada,  pyrites-deposits  of  [530]. 

Bromine  process  of  determining  sulphur  in  steel,  507. 

Brown  hematite  (see  Limonite  and  Iron-ores). 

Brown  Hill  iron-mine,  Cripple  Creek,  Va.  [28],  34. 

Brown's  Valley,  Ala.,  brown  hematite  in  [138];  Geological  formation  of,  160. 

Bruckner's  cylinders  for  roasting  ore,  47,  50. 

Buena  Vista  furnace,  Rockbridge  County,  Va.  [20],  21. 

Buena  Vista  silver-mine,  Mexico  [543,  546]. 

Buckfield  Island,  Hancock  County,  Me.,  magnetic  iron-ore  [132]. 

Buckhorn  iron-mine,  Cape  Fear  River,  North  Carolina  [135]. 

Buddie,  Linkenbach's,  65. 

Burden  Iron  Works,  visit  to,  175. 

Burden,  James  A.,  reception  at  "  Woodside,"  175. 

Burke  County,  X.  C,  magnetic  iron-ore  [133]. 

Burnet  County,  Texas,  magnetic  iron-ore  [134]. 

Butler  County,  Pa.,  brown  hematite  [142]. 

Butler  County,  Kentucky,  carbonates  and  limonites  [142]. 

Butler  County,  Mo.,  limonite  [139]. 

Bygrove  iron-mine,  South  Sherbrooke,  Canada,  197. 

Cabarras  County,  N.  C,  carbonate  iron-ore  [134], 

Cahaba  coal-field,  Ala.,  1.52. 

Cahaba  valley,  Ala.,  brown  hematite  [138],  156. 

Calabogie  Lake  iron-mines,  Canada,  198. 

Caldwell  County,  N.  C,  magnetic  iron-ore  [133]. 

Caldwell  iron-mines,  Canada,  200. 

Calumet  and  Ilecla  Mill,  Lake  Superior,  64,  65,  68. 

Cambria  County,  Pa.,  carbonate  iron-ore  [141]. 

Cambria    Iron    Company,   Johnstown,  Pa. :    Coal-mine    at   Johnstown,    491,    492; 

Experiments  with  coke  in  blast-furnaces,  212  [2:.;3]. 
Camden  County,  Mo.,  red  hematite  [139]. 
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Campbell  County,  Tenn.,  hematite  [138]. 

Canada,  iron-ores  of,  192  (see  also  Iron-ores  and  Analysis). 

Canoe  Valley,  Pa.,  brown  hematite  [137]. 

Cape  Girardeau  County,  Mo.,  limonite  [139]. 

Capelton,  Canada,  pyrites,  deposits  of  [530],  532. 

Carbon:  Determination  of,  combined  in  steel,  303,  317  ;  Influence  of,  on  steel,  665; 
Rapid  method  of  determining  combined,  in  the  open-hearth  steel  i)rocess,  309. 

Carbonate  iron-ores :  In  Carboniferous  rocks,  142  ;  In  Devonian  rocks,  141 ;  In  Sub- 
carboniferous  rocks,  141. 

Carboniferous  rocks,  iron-ores  of  the,  142. 

Carroll  County,  Va. :    magnetic  iron-ore  of  [133]  ;  pyrites-deposits  of  [530]. 

Carter  and  Stevenson,  blast-furnace  of,  Lynchburg,  Va.  [9]. 

Carter  County,  Ky.,  carbonates  and  limonites  [141]. 

Carter  County,  Tenn.,  hematite  [138]. 

Cast-iron,  Process  of  puddling,  523. 

Cant-iron  of  Unusual  Strength  (Gridley)  [9],  91. 

Catawba  County,  N.  C,  magnetic  iron-ore  [135]. 

Cave  Hill  iron-mine,  Cripple  Creek,  Va.  [2S],  37. 

Cazenovia,  Richland  County,  Wis.,  red  hematite  and  limonite  [139]. 

Cecil  County,  Md.,  pyrites-deposits  of  [530]. 

Cedar  Hill,  Sussex  County,  N.  J.,  red  hematite  [135]. 

Cedar  Run  blast-furnace,  Va.  [31]. 

Center  County,  Pa.,  fossil  ore  [140]  ;  brown  hematite  [142]. 

Certain  Silver  and  Iron  Mines  in  the  States  of  Nuevo  Leon  and  Coahuila,  Mexico 
(Frazer)  [451],  537. 

Chadwell  iron-mine.  Cripple  Creek,  Va.  [23],  36. 

Chapel  Hill,  N.  C,  specular  iron-ore  [135]. 

Chattanooga,  Tenn.,  fossil-ore  [140]. 

Cherokee  County,  N.  C,  iron-ore  [138]. 

Chestnut  Flat  iron-mine,  Va.  [28]. 

Chihuahua,  Mexico,  smelting  in,  185. 

Chilton  County,  Ala.,  brown  hematite  [161]. 

Cliristy's  coal-mine,  Cambria  County,  Pa.,  485. 

Cincinnati,  Ohio,  meeting  :  Papers  of,  457  ;  Proceedings  of,  445. 

Clarion  County,  Pa.,  brown  hematite  [142]. 

Clay  County,  Ala.,  pyrite  [161]. 

Clay  County,  West  Va.,  black-band-ore  [142]. 

Clay  in  coal-seams,  320. 

Clay-iron-ore  in  Devonian  rocks,  141 ;  in  Carboniferous  rocks,  142. 

Clearfield  County,  Pa.,  carbonate  iron-ore  [141]. 

Clearfield  County,  Pa.,  brown  hematite  [142]. 

Cleburne  County,  Ala.,  copper-ore  [161]. 

Clemes,  J.  H.,  Notes  on  an  Experimental  Working  of  Silver  Ores  by  the  Leaching  Pro- 
cess [178],  279. 

Cleveland  RoUing-Mill  Company,  furnace  of,  207. 

Clinch  Mountain,  Va.,  brown  hematite  [141], 

Clinton  group,  red  hematite-ore  of  the,  139,  156,  157, 

Clinton,  Oneida  County,  N.  Y.,  fossil-ore  [139], 

Cloverdale  furnace,  Botetourt  County,  Va.  [20]. 

Coal :  Analyses  of,  152, 154,  162,  163,  161,  219,  326,  343,  472,  477,  487,  491,  492,  493, 
494,  495,  566;  Cahaba  coal-field,  Ala.,  152;  Clay  found  in  coal-seams,  320; 
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Coi-»sa  coal-field,  Ala.,  155;  Cumberliind  Mountain,  Ala.,  147;  Piflorential 
saniplins;  of  Mtnniinous  coal-seams,  ol7  ;  Kibnnis  coal,  o20  ;  Iniiniritios  in  top 
and  bottom  benches  of  c^ial-seams,  o'l\  ;  .letVei-son  County,  Ala ,  14S  ;  Lookout 
Mountain,  De  Kaib  County,  Ala.,  147;  Maximums  of  sulphur  and  ash  in  mer- 
chantable coals,  344;  Coal  of  Morgan  County,  Ala.,  147;  Pittsburirii  .seam  of 
the  Connellsville  region,  321;  Presence  of  pyrites  in  coal,  315);  Qualitative 
diflerences  of  ooal-seams,  319,  320;  Raccoon  Mountain,  Ala.,  147;  Sand  Moun- 
tain, Ala.,  147  ;  St.  Clair  County,  Ala.,  147  ;  Structure  of  coal-seams,  318  ;  Sul- 
phur in  c<ial,  317  ;  Tuscaloosa  County,  Ala.,  150;  Walker  County,  Ala.,  coal, 
loO  ;  Warrior  coal-field,  Ala.,  147  ;  Varieties  of  coal  iu  a  bituminous  c«al-seam, 
31S. 

Coal-l)eds  (see  also  Coal-fields  and  Coal-mines):  Barnet,  Broad  Top  coal-field, 
Pa,  324.  Barren  measures.  Pa.,  495.  Berlin,  Pa.,  323,  471,  495.  ]^h)ss,  Ar- 
not,  Tioga  County,  Pa.,  324.  Fi-eeport  Lower,  Berlin  and  Salisbury  sub- 
basin,  Pa.  [472].  Clearfield  County,  Pa.,  322.  Quemahoning  field,  Pa.,  488 ; 
Freejwrt  Upper,  Pa.,  323,  485  [489],  494.  IL  Coleman's,  Quemahoning 
field,  Pa.,  495.  Kelly,  Pa.,  32.3.  Kittanning  Lower,  Pa.,  475  [488,  491]. 
Kittanning  Upper,  Pa.,  323, 479  [481],  483  [488],  492.  Lemon,  Pa.,  323,  485. 
Lloydsville,  Clearfield  County,  Pa.,  323.  Nelsonville,  Ohio,  324.  Pliilson, 
Quemahoning  field,  Pa.,  495.  Pittsburgh,  Salisbury  coal-field.  Pa.,  324,  471, 
49'>.  P(.>cahontas,  Va.,  26  [39].  Price,  Salisbury  sub-basin.  Pa.  [471]. 
Fritz's  Quemaluming  field.  Pa.,  495.  Straightsville,  Ohio,  324.  T.  Price's, 
Quemahoning  field.  Pa.,  495.  AVeighley,  Quemahoning  field,  Pa.,  495.  W. 
G.  Walker,  Quemahoning  field.  Pa.,  495. 

Coal-fields  (see  also  Coal-beds  and  Coal-mines) :  Alabama,  145.  Bennington, 
Blair  County,  Pa.,  323.  Berlin-Salisbury  sub-basin,  Pa.,  468,  471,  476,  482 
[487],  496.  Broad  Top,  Pa.,  323.  Johnstown-Confluence  sub-ba.sin.  Pa.,  468, 
473.  Johnstown  sub-basin,  Pa.,  476,  482,  487,  492,  496.  Quemahoning, 
Somerset  County,  Pa.,  468,  473.  Salisbury,  Pa.,  324.  Somerset  sub-basin,  Pa., 
468,  473,  475.  476,  481,  482,  487,  496. 

Coal-measures,  sections  of  Lower  Productive,  iu  the  fii^st  basin  of  Pa.,  489. 

Coal-mines:  Akron  Furnace,  Hocking  Valley  District,  Ohio,  324.  Apple's,  Que- 
mahoning. Pa,  [478].  Ankeny,  Milford  Station,  Pa.,  476.  Ashland,  Hang- 
ing Koek  District,  Ky.,  324.  Augustine,  Somerset  County,  Pa.,  483.  Baer's, 
Somerset  County,  Pa.,  482.  Baker's,  Coxe's  Creek,  Pa.,  476,  482.  Barn- 
hardt.  Wells  Creek,  Pa.,  487.  Barron,  Middle  Creek  Township,  Pa.,  487. 
Beacliy,  Quemahoning  field,  Pa.,  495.  I'eam,  Somerset  County,  Pa.,  482.  Bell's 
Gap  Railroad  Company,  Pa.,  323.  Ben's  Creek,  Cambria  County,  Pa.  [475]. 
Bennington,  Pa.,  323  [475],  491.  Berkey's,  Shade  Creek,  Pa.,  476, 478.  Blos.'^burg 
Coal  Company,  Arnot,  Tioga  County.  Pa.,  324.  Bowman's,  Quemahoning  field. 
Pa.,  476  [478].  Brandt,  Milford,  Pa.,  476.  B.  Shaefer's,  Somerset  County,  Pa., 
4S2.  Cambria  Iron  Comf)any,  Pa,.  491,  492.  Christy's,  Cambria  Comity,  Pa., 
48-5.  Coalton,  Hanging  Rock  District,  Ky.,  324.  Conemaugh,  John.stown,  Pa., 
323.  Coshun,  Johnstown,  Pa.,  323,485,486,494.  Covode's,  Somerset  County, 
Pa  ,  485.  486.  Croll,  Somerset  County,  Pa.,  483, 496.  Cumberland  &  Elk  Lick 
0)mpany,  Pa.  [488],  495.  Curry's,  Cambria  County,  Pa.,  485,  486.  Custer's, 
Somerset  Coimty,  Pa.,  476,  478,  481.  Decatur,  Pa.,  492.  Dennison,  Porter  & 
Company,  Blair  County,  Pa.,  485,  491,  494.  Dysart  &  Company,  Cambria 
Coimty,  Pa.  [4-5],  486,  491,  494.  Fash,  Somerset  County,  Pa.,  481.  Eureka, 
Clearfield  Coimty,  Pa.,  493.  Everett  Iron  Company,  Pa ,  323.  Faidley, 
Somerset  County,  Pa.,  482.     Fox's,  Somerset  County,  Pa.,   482.     Franklin, 
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Clearfield  County,  Pa.,  493.  Friedlines,  Somerset,  Pa.  [478].  Gallitzin,  Pa., 
323.  Garret  Tract,  Somerset  County,  Pa,  481,  482.  Glen  White  Coal  & 
Lnml)er  Company,  Pa.,  322,  491.  Griffith's,  Somerset  County,  Pa.,  485  [486]. 
CJrove's  Clear  Run,  Pa.,  476.  Hale's,  Clearfield  County,  Pa.,  492.  Hanna, 
Somerset  County,  Pa.,  483,  496.  Harnedsville,  Castleman  River,  Pa.,  476. 
Hay's,  Somerset  County,  Pa.,  482.  Heinbacli's,  Somerset  County,  Pa.,  482,  496. 
Heinemeyer,  Somerset  County,  Pa.,  496.  Henry  Sechler's,  Somerset  County, 
Pa.,  482.  Hoffman's,  Somerset  County,  Pa.,  477  [488].  Hugus,  Somerset 
County,  Pa.,  487,  494.  Johnstown  Manufacturing  Company,  Cambria  County, 
Pa.,  491.  Johnstown,  Pa.,  323,  475.  J.  Meyers,  Somerset  County,  Pa.,  4^2. 
J.  Shaefer's,  Kimberline  Run,  Pa.,  487.  Kemble  Coal  &  Iron  Company,  Pa., 
323.  Keystone  Coal  &  Manufacturing  Company,  Somerset  County,  Pa.,  495. 
Kiernan's,  Somerset  County,  Pa.  [478,  488].  Kiramel,  Beaver  Dam  Creek, 
Somerset  County,  Pa.,  481.  Kiramel's,  Kimberlin's  Run,  Pa.,  482.  King's 
Farm,  Laurel  Hill  Creek,  Pa.  [476],  482  [487].  Kittanning  Coal  Company, 
Blair  County,  Pa.  [485],  494.  Knebel's,  Shade  Creek,  Pa.,  476.  Kuntz'.s, 
Beaver  Dam  Run,  Pa.,  476.  Lape's,  Somerset  County,  Pa.,  485,  486.  Laurel 
Run,  Clearfield  County,  Pa.,  492.  Lemon's,  Blair  County,  Pa.  [485].  Leslie, 
Somerset  County,  Pa.,  483.  Lilly  Station,  Cambria  County,  Pa.,  323.  Liston, 
Listonville,  Pa.,  476,  496.  Livengood  &  Keim,  Somerset  County,  Pa.,  495. 
Lloydsville,  Cambria  County,  Pa.,  475,  491.     Lohr's,  Hooversville,  Pa.,  475, 

481,  484.  Lower  Derby,  Clearfield  County,  Pa.,  492.  L.  Shaefer's,  Somerset 
County,  Pa.  [482].  Mapleton,  Clearfield  County,  Pa.,  492.  McClintock, 
Somer.'^et  County,  Pa.,  483,  496.  McGregor's,  Dark  Shade  Creek,  Pa.,  476. 
Meyers.  Somerset  County,  Pa.,  481.  Morgan's,  Queuiahoning  Gap,  Pa.,  476, 
478.  Morrisdale,  Clearfield  County,  Pa.,  492.  Moshannon,  Clearfield  County, 
Pa.,  493.  Mushier,  Somserset  County,  Pa.,  482.  New  Moshannon,  Clear- 
field County,  Pa.,  492.  Nicholson's,  Somerset  County,  Pa.,  482,  496. 
Ogline's,  Somerset  County,  Pa.,  478.  Penn,  Clearfield  County,  Pa.,  493. 
Pile,  Somerset  County,  Pa.,  482,  483,  496.  Powelton,  Center  County, 
Pa.,  491.  Putnam,  Middle  Creek  Township,  Pa.,  487.  Queer's,  Somerset 
County,  Pa.,  485.  Railroad  Cut,  Castleman  River,  Pa.  [487].  Reitz, 
vSomerset  County,  Pa.,  481.  Rischeberger's,  Somerset  County,  Pa.,  477. 
Rodger,  Somerset   County,    Pa.,  481.      Rolling   Mill,   Johnstown,    Pa.,  323, 

480.  492.  Rush,  Laurel  Hill  Creek,  Pa.,  487,  494,  Saylor  Hill,  Som- 
erset County,  Pa.,  495.  Schupstein,  Somerset  County,  Pa.  [487].  Schaefer's 
Farm,  Somerset  County,  Pa.,  477.  Sipe's,  Somerset  County,  Pa.,  485,  486. 
South  Fork,  Cambria  County,  Pa.,  491.  Specht,  Somerset  County,  Pa., 
475,  481.  Stadtler's,  Allegheny  Mountain,  Pa.,  476.  Standard  Coal  Com- 
pany, Berlin,  Somerset  County,  Pa.,  323.  Stirling,  Clearfield  County,  Pa.,  493. 
Swank,  Somerset  County,  Pa.,  481.  Thomas's,  Somerset  County,  Pa.,  485, 
486.     Trevorrow,  Somerset  County,  Pa.,  481,  496.     Walker's,  Garrett,  Pa., 

482.  WhU's,  Somerset   County,  Pa.,  482.     Weaver,  Somerset  County,  Pa., 

481.  Webster,  Clearfield  County,  Pa.,  493.     Weimer's,  Somerset  County,  Pa , 

482.  Wigle's,  Somerset  County,  Pa.,  482,  496.  Wilhelm,  Anspach  &  Co., 
Somerset  County,  Pa.,  495.  Wilt,  Somerset  County,  Pa.,  481,  496.  Wolfers- 
berger,  Castleman  River,  Pa.,  476.  Wood  vale,  Blair  County,  Pa.,  491. 
Yoder's,  Somerset  County,  Pa.,  482,  495.  Zimmerman's,  Kimberlin's  Run, 
Pa.,  476,  496.     Zufall's,  Somerset  County,  Pa.,  482. 

Coals  of  the  Lower  Medaurcs  or  Conglnmerate  Group  in  the  Virginias  (IIotciikiss)  [9]. 
Coal-washing  machinery,  improvements  in,  497. 
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Cocke,  Afayor  Ltician  H.,  address  at  Eoanoke  Meeting  [4]. 

CoGGlX.  F.  G.,  Tnatnit'iit  of  SliiiH\<  [10],  (i4. 

Coke :  Analyses  of,  151,  212,  380.  As  a  fuel  for  Mast-furnaces,  212,  218.  Of  Con- 
nellsvilie,  214,  218.  Of  Johnstown,  214.  Of  Fire  Creek,  West  Virginia,  386. 
Of  LownKK>r,  Va.,  120  [386].     Porosity  and  specitic  gravity  of,  111. 

Colebrooke  Furnaces,  Lebanon,  Pa.,  Ojers  roasters,  374. 

Coleman,  H..  coal-bed,  Soniei-set  County,  Pa.,  495. 

Coiorimetric  IktenniiHUion  of  CombimJ  Carbon  in  Steel  (Hunt)  [179],  303. 

Colorimetric  nietluxl  of  determining  combined  carbon  in  steel,  303  [317]. 

CoLTOX,  Hexry  E.,  The  Crooked  Fork  Co(tl-tield  of  Morgan  County,  Tenn.  [450]. 

Columbia  Cotnity,  X.  Y.,  limonites,  137. 

Columbiana,  Shelby  County,  Ala.,  brown  hematite  [138]  ;  red  hematite  [156]. 

Conemaugh  coal-mine,  Joiinstown,  Pa.,  323. 

Connellsville  coal,  321.     Coke,  218. 

Contributions  to  the  Geology  of  Alabama  (Schmitz)  [11],  144. 

Converter-linings,  230. 

Conveying-machinery,  improvements  in  [497],  501. 

Coosa  coal-field,  Alabama,  155. 

Coosa  County,  Alabama,  magnetic  iron-ore  [134,  161]. 

Coosa  Valley,  Alabama,  hematite  [138]. 

Copper:  Its  occurrence  in  epidotic  quartz,  S3.  Its  origin  in  South  Mountain  and 
in  the  Michigan  peninsula,  85. 

Copper  Deposits  of  South  Mountain  (IlENnKRSON)  [10],  85. 

Copper-mines  :  Atlantic,  Michigan,  65.  Bechtel,  Adams  County,  Pa.,  82,  89.  Betty 
B;iker,  Carroll  County,  Virginia,  39.  Balsley,  Adams  County,  Pa.  [89].  Calu- 
met and  Hecla,  Lake  Superior  [64].  Gulp,  Adams  County,  Pa.,  89.  Georgia 
[530].  Gilbert,  Adams  County,  Pa.  [89].  Gladhill,  Adams  County,  Pa.  [89]. 
Headlight,  Adams  County,  Pa.  [89].  Hess,  Adams  County,  Pa.  [89].  Maine 
[530].  Musselman  Hill,  Adams  County,  Pa.,  87.  Old  Copper,  Adams  County, 
Pa.  [89].  Pittinger,  Adams  County,  Pa.  [89].  Rummel  Mine,  Adams  County, 
Pa.,  89.  Russell,  Adams  County,  Pa.  [89].  Shingledecker,  Adams  County, 
Pa.  [89].  Weagley,  Adams  County,  Pa.  [89].  White,  Adams  County,  Pa. 
[89].  Woodring,  Adams  Count v,  Pa.  [89].  Wood's  Mine,  Cleburne  County 
[161]. 

Copper-ores,  analyses  of,  90,  172. 

Copper-ore  in  Alabama  [161]. 

Copper-Slime  Treatment  (Coggik)  [10],  64. 

Corundum  in  Alabama  [161]. 

Coshun  coal-mine,  Johnstown,  Pa.,  323,  48-5,  486,  494. 

Cost  of  laljor :  In  the  Bertrand  Mill,  Nevada,  63;  of  making  iron  in  the  Ivanhoe 
Furnace,  Cripple  Creek,  Virginia,  39  ;  of  making  pig-iron  in  Virginia,  530. 

Cotopaxi  Furnace,  Rockbridge  County,  Virginia  [20]. 

Covode's  coal-mine,  Somerset  County,  Pa.,  485. 

Cox,  Ex-Governor  J.  D.,  address  of  welcome  at  opening  session  of  the  Cincinnati 
Meeting,  448. 

Crab  Orchard,  Carter  Count}',  P^astem  Tennessee,  magnetic  iron-ore  [134]. 

Cranberry  iron-mine,  Mitchell  County,  N.  C.  [133]  ;  visit  to,  13. 

Crawford  County,  111 ,  carbonate  iron-ore  [143]. 

Crawford  County,  Missouri,  red  hematite  [139]. 

Crawford's  iron-mine,  Va.  [28],  31. 

Cregger  Bank  iron-mines,  Wythe  County,  Va.  [28],  38. 
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Cretaceous  rocks,  iron-ores  in,  143. 

Crockett  &  Company's  iron-mine,  Va.,  36. 

Crockett  mine,  Sullivan  County,  Tenn.,  24,  2o, 

Croll  coal-mines,  Somerset  County,  Pa.,  483,  496. 

Crooked  Fork  Coal-field  of  Morgan  County,  Tenn.  (Colton)  [450]. 

Crozer  Steel  and  Iron  Company,  furnace  of,  10,  26. 

Culbertson-Clark  ore-bank,  Pulaski  County,  Va.  [27],  28. 

Culp  c()[)per-mine,  Adams  County,  Pa.,  89. 

Cumberland  County,  Pa.,  brown  hematite  [137]. 

Cumberland  &  Elk  Lick  Co.'s  coal-mine,  Pa.  [488],  495 

Cumberland  Iron  Hill,  133. 

Cumberland  Mountain,  Ala.,  coal,  147. 

Cumberland  River,  Ky.,  limonite,  142. 

Cumberland  Valley,  Va.,  fossil  ore,  158. 

Curry's  coal-mine,  Cambria  County,  Pa.,  485. 

Custer  coal-mine,  Somerset  County,  Pa.,  481. 

Dade  County,  Ga.,  fossil  ore  [140]. 

Danville,  Montour  County,  Pa.,  fossil  ore  [140]. 

Davidson  County,  N.  C,  carbonate  iron-ore  [134]. 

Davidson  County,  Tenn.,  hematite  [138]. 

Decatur  coal-mine,  Pa.,  492. 

Deer  Creek,  Harford  County,  Maryland,  magnetic  iron-ore  [133]. 

DeKalb  County,  Ala.,  fossil  ore,  158. 

Dennison,  Porter  &  Co.'s  coal-mine,  Pa.  [485],  491,  494. 

Dent  County,  Mo.,  red  hematite  [139]. 

Derby  Lower  coal-mine.  Pa.,  492. 

Descriplion  of  a  Chemical  Laboratory  erected  in  1863,  as  an  adjunct  to  the  Erperimental 

Steel  Works  at  Wyandotte,  Michigan  (Durfee)  [176],  223. 
Designolli's  process  of  amalgamating  gold,  104. 
Determination  of  Manganese  in  Ferro-manganese,  Spiegeleisen,  e^c.  (Trojlius)    [10], 

73. 
Determination  of  Manganese  in  Spiegel  (Stone)  [176],  295. 
Devereux,  W.  B.,  Notes  on  some  Iron-ore  Deposits  of  Pitkin  County,  Colorado  [451], 

638. 
Devonian  rocks.  Iron-ores  in,  141. 
Dewey,  Frederick  P.,  Note  on  the  Fire  Creek  Coke  of  West  Virginia,  386 ;  Some 

Canadian  Iron  ores,  192;  The  Porosity  arid  Specific   Gravity  of  Coke   [9],  111 

[222]. 
Differential  Sampling  of  Bituminous  Coal-seams  (KimbalIj)  [179],  317. 
Distribution  of  High-pressure  Steam  in  Cities  (Shinn)  [450],  632. 
Doctor  silver-mine,  Mexico  [543],  544  [546]. 
Donovan  property,  Beverly  Ore  Company,  Page  County,  Va.,  21. 
Douglass  iron-mine,  Cape  Fear  River,  N.  C.  [135]. 
Dressing  ores  in  the  absence  of  water,  546. 
Dry  Creek  iron-mine.  Cripple  Creek,  Va.  [28],  37. 
Ducktown,  Tenn.,  pyrites-deposits  of  [530], 
Dudley,  W.  L.,  The  Iridium  Industry  [450],  577. 
Durfee,  W.  F.,  An  Account  of  a  Chemical  Laboratory  erected  at  Wyandotte,  Michigan, 

in  the  year  1863.  [176],  223  ;  Remarks  on  Bessemer  converters,  271  ;  On  blast- 
furnace boilers,  211. 
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Pntchess  County,  N.  Y.,  limonite,  137. 

Dvestone  iron-ore,  131). 

Dysart  &  Co.,  coal-mines,  Pa.,  4S5,  4SG,  491,  494. 

Eagle  iron-mine,  Cripple  Creek,  Va.  [28].  36. 

Eash  coal-mine.  Somerset  County,  Pa.,  4S1. 

Etldv,  Professor  II.  T.,  remarks  at  openinsj  session  of  Cincinnati  meeting,  448. 

Eilmond<on  County,  Ky.,  carbonates  and  limonites  [142]. 

Eilwanls  County,  111.,  carbonate  iron-ore  [143]. 

Esrgertz.  Professor,  method  of  determining  combined  carbon  in  steel,  303. 

Egleston,  Professor  T.,  announcement  of  death  of  Professor  Gruner  [10]  ; 
Leaching  of  Gold  and  Silver-ores  [10],  40;  Biorpaphicul  JSodce  of  Louis  Gruner, 
Inspector- General  of  Mines  of  France,  126  ;  Some  Researches  on  the  Amalgamation 
of  Gold  and  Silver  [175],  379 ;  The  United  States  Test  Commission  Bill  [449] ; 
Remarks  :  on  a  new  mineral  (Ramosite),  631  ;  On  leaching  of  silver-ores,  292; 
On  systematic  nomenclature  of  minerals,  247  ;  On  the  difficulty  of  amalgamat- 
ing hammered  gold,  106. 

Egypt,  N.  C,  black-band  ore  [143]. 

Election  of  members  and  associates:  Roanoke  meeting,  11;  Troy  meeting,  177; 
Cincinnati  meeting,  453;  Of  officers,  455. 

Electrolytic  processes  of  extracting  gold  and  silver  [40]. 

Elevating-machinery,  improvements  in  [497],  499. 

Elienbecker  percussion-table,  64. 

Ely  copper-mines,  Vt.  [530]. 

End-lines  of  location  in  the  United  States  mining  law,  429. 

Etowah  County,  Ala.,  fossil  ore,  158. 

Eureka  coal-mine.  Pa.,  493. 

Eureka  furnace  iron-mine,  Ala.,  fossil  ore,  158. 

Evans  tables  for  dressing  copper,  66. 

Everett  Iron  Company,  Pa.,  coal-mine,  323. 

Experimental  Working  of  Silver-ores  by  the  Leaching  Process  (Clemes)  [178],  279. 

Faidley  coal-mine,  Somerset  County,  Pa.,  482. 

Fairfield  County,  Conn.,  magnetic  iron-ore  [133]. 

Falkville  Station,  Morgan  County,  Ala.,  ozocerite  and  mineral  tar  [145]. 

Falling  Cliff  zinc-mine,  Va.  [28],  30,  31  [32]. 

Fayette  County,  Pa.,  carbonate  iron-ore  [141]. 

Fayette  County,  West  Va.,  black-band  ore  [142]. 

Ferrocalcite  in  Alabama  [145]. 

Ferromanganese,  analyses  of,  313. 

Fire-clays,  Ohio,  occurrence  of  titanium  in,  505  ;  Presence  of  lithia  in,  505. 

FlRM«TOSE,  Frank,  Note  Concerning  Certain  Incrustations  on  Pig  Iron  [449],  641  ; 

Sote  on  Tamping  Drill-holes  with  Plaster  of  Paris  [449],  574. 
Flat  Top  coal-fields,  Va.  [25]  ;  Excursion  to,  13. 
Florence  County,  Wis.,  magnetic  iron-ores,  136. 
Forsythe  iron-mine,  Hull,  Quebec,  194, 
FoR-SYTH,  R.,  The  Bessemer  Plant  of  the  North  Chicago  Rolling  Mill  Company  at  South 

Chicago  [176],  254. 
Fort  Scott,  Kan.,  spathic  ore  [143]. 

Fossil  iron-ores  in  Devonian  rocks,  141 ;  Of  the  Clinton  group,  139,  156,  157. 
Fossil  Ridge,  Scott  County,  Va.,  brown  hematite  [141]» 
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Foiirnier  iron-mine,  South  Sherbrooke,  Canada,  196. 

Fox  Mountain  Bank,  Eockingham  County,  Va.  [20],  21. 

Fox's  coal-mine,  Somerset  County,  Pa.,  482. 

Francis  Mill  Creek  iron-mine,  Va.  [28],  36. 

Franconia  iron-mine,  Grafton  County,  N.  H.  [132]. 

Franklin  coal-mine.  Pa.,  493. 

Franklin  County,  Ark.,  siderite  [142]. 

Franklin  County,  Mo.,  red  hematite  [139]. 

Franklin  County,  Pa.,  brown  hematite  [137]. 

Fraser  and  Chalmers'  Smelter,  Mexico,  542. 

Frazer,  Dr.  Persifor,  An  Hypothesis  of  the  Structure  of  the  Copper  Belt  of  the  South 
Mov.yitain  [9],  82;  Certain  Silver  and  Iron  Mines  in  the  States  of  Coahuila  and 
Nwevo  Leon,  Mexico  [4-')l],  537  ;  Notes  on  the  Serpentine  Belt  in  Chester  County, 
Pa.  [178],  349;  Supplementary  Remarks  on  the  Bocks  of  South  Wales  [178]  ;  The 
Peach  Bottom  Slates  of  Southeastei-n  York  and  Southern  Lancaster  Counties,  Pa. 
[176],  355;  Remarks:  On  nomenclature  of  minerals,  248 ;  On  the  geological 
position  of  the  Philadelphia  gneisses,  72. 

Frederick  County,  Md.,  brown  hematite  [138]. 

Freeport  Lower  coal-beds.  Pa.,  322  [472],  488,  493. 

Freeport  Upper  coal-bed,  Pa.,  323,  485  [489],  494. 

French  Broad  district,  N.  C,  magnetic  iron-ore  [134]. 

Friedline's  coal-mine.  Pa.  [478]. 

Fritz,  S.  P.,  coal-bed,  Quemahoning  field.  Pa.,  495. 

Frue  vanner,  65. 

Fuel,  economy  of,  in  gas-producers,  93. 

Fuel  for  blast-furnaces,  213. 

Fuller  &  Warren  Company's  Clinton  Stove  Foundry,  Troy,  N.  Y.,  visit  to,  175. 

Fulton  County,  Pa.,  carbonate  iron-ore  [141]  ;  Fossil  ore  [140]. 

Fulton,  .John,  The  Phy.^ical  Properties  of  Coke  as  a  Fuel  for  Blastfurnace  Use 
[178],  212  (see  also  111). 

Funderburk  gold-mine,  Lancaster  County,  S.  C.  [100]. 

Furnace-gases,  tables  for  facilitating  heat-calculations  of,  509. 

Further  Determinations  of  Manganese  in  Spiegel  (Stone)  [449],  514. 

Fusion  and  Plating  of  Iridium  (Dudley)  [450],  577. 

Gadsden,  Coosa  Valley,  Ala.,  fossil  ore  [140]. 

Gallaher  iron-mine,  Abingdon,  Washington  County,  Va.  [25,  133]. 

Gallitzin,  Pa.,  coal-mine,  323. 

Gaunaway  iron-mine.  Cripple  Creek,  Va.,  38. 

Garrett  coal-mine,  Somerset  County,  Pa.,  481. 

Garret  Tract  coal-mine,  Somerset  County,  Pa.,  482. 

Gaseous  fuel,  improvements  in  its  manufacture,  93. 

Gases:  Utilization  of  noxious  gases  produced  in  parting  bullion,  274. 

Gas-producers :  Tessi^'s  [93]  ;  Langdon's,  93. 

Gaston  County.  N.  C,  magnetic  iron-ore  []•%]. 

Gaylesville,  Coosa  Valley,  Ala.,  fossil  ore  [140]. 

Geological  Position  of  the  Philadelphia  Oneisses  (Hitchcock)  [10],  68. 

Geologico- Geographical   Distribution  of  the  Iron-ores  of  the   Eastern    United    States 

(Smock)  [11],  130. 
Geology  :  Of  Atlantic  crystalline  rocks,  69,  70;  Of  Cripple  Creek  ore-basin,  27;  Of 

Montalban  system  of  New  Hampshire,  69;  Of  Alabama,  144;  Of  Brown  Hill 
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Section,  Virjjinia,  34 ;  Of  Chester  Coiintv,  Pa.,  349 ;  Of  copper-belt  of  Sotith 
Mountain,  Pa..  S2,  So;  Of  gold -deposits  in  Lancaster  Connty,  S.  C,  101  ;  Of  the 
iron-ore  districts  of  the  Kastorn  I'nited  States,  130;  Of  Lancaster  Co.,  Pa.,  33.'); 
Of  Lead  Mines  Hill.  Va.,  33  ;  Of  Philadelphia  belt.  tiS ;  Of  Provinces  of  Ontario 
and  Quel>et%  Canada,  460;  Of  Valley  of  Virginia,  17;  Of  Villaldania  and 
Monclova  districts,  Mexico,  537. 

Gilbert  copjier-mine,  Adams  County,  Pa.  [89]. 

Giles  County,  Va,,  fossil  ore  [140]. 

Giles  County,  Va.,  brown  hematite  [141]. 

Gjers  roasters :  Colel)roc>ke  furnaces,  Lebanon,  Pa.,  374  ;  North  Cornwall  furnace, 
Lebanon  County.  Pa.,  377  ;  Hudson  Kiver  Ore  and  Iron  Company's  mines, 
Burden  Station,  N.  Y.,  37S. 

Gladhill  eopper-mine,  .\dams  County,  Pa.  [89]. 

Glendi>wer  iron-mines,  Thirty  Island  Lake,  Canada,  203. 

Glen  Wiiite  Coal  and  Lumber  Company's  coal-mines,  Pa.,  322,  491. 

Glenwood  furnace,  Rockbridge  County,  Va.  [20]. 

Gold  :  AnKilgamation  of,  103. 

Gold  in  South  Carolina,  99. 

Gold  and  silver :  Extraction  by  electrolysis  [40]  ;  researches  on  the  amalgamation 
of,  379. 

Gold  and  silver  ores,  leaching  of,  40. 

Gold  mines:  Brewer,  Chesterfield  County,  South  Carolina  [100]  ;  Fundcrbnrk,  Lan- 
caster County,  South  Carolina  [100]  ;  Ilaile,  Lancaster  County,  South  Carolina 
[10,  100],  101. 

Gold  Mining  in  South  Carolina  (Spilsbury)  [10],  99. 

GoEDON,  F.  W.,  Boilers  and  Boiler  Settings  for  Blast- Furnaces  [178],  204;  Eemarks 
on  the  torsion-balance,  573. 

Grade  of  Pig-iron  made  from  Carbonate  Ore  (Gridley)  [449],  520. 

Grafton,  New  Hampshire,  specular  iron-ore  [132]. 

Graham  Old  Banks  iron-mine,  Virginia  [28,  30],  32. 

Grant  County,  West  Virginia,  fossil  ore  [140]. 

Grayson  County,  Ky.,  carbonates  and  limonites  [142]. 

Grayson  County,  Virginia,  magnetic  iron-ore  [133]. 

Great  Limestone  Formation,  Iron-ores  of,  in  Virginia,  22. 

Great  Valley,  East  Tennessee,  brown  hematite  [138]. 

Great  Vallej',  Virginia,  brown  hematite  [141]. 

Greenbriar  County,  West  Virginia,  fossil-ore  [140]. 

Greensboro,  Rockingham  County,  N.  C,  magnetic  iron-ore  [133]. 

Greenup  County,  Kentucky,  carbonates  and  limonites  [141]. 

Greenway,  Virginia,  magnetic  iron-ore  [135]. 

Gridley,  Edward,  A  Grade  of  Pig-iron  made  from  Carbonate  Ore  [449],  520.  Cast- 
iron  of  Unusual  Strength  [9],  91. 

GriflSn,  Major  S.,  Address  at  Roanoke  meeting  [4]. 

Griffith's  coal-mine,  Somerset  County,  Pa.,  485  [486]. 

Groddeck,  Bergrath  von,  letter  from,  178. 

Grove's  coal-mine.  Clear  Run,  Pa.,  476. 

Grnner,  Professor  Louis,  announcement  of  death  of,  10.  Biographical  notice  of,  by 
Dr.  Egleston,  126. 

Guadalupe  silver-mine,  Mexico  [543,  546]. 

Guadalupe  smelting-furnace,  Mexico,  541. 

Gypsum  in  Holston  Valley,  Va.,  28. 
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Haile  gold  mine,  Lancaster  County,  South  Carolina  [10, 100],  101. 

Hale's  coal-mine,  Pa.,  492. 

Halifax,  Granville  County,  N.  C,  hematite  [135]. 

Hall,  Charles  E  :  Classification  of  rocks  in  the  Philadelphia  belt,  68. 

Hall,  Professor  James,  Determination  of  fossils  from  peach-bottom  slates,  Pa.,  357. 

Statement  regarding  fossiliferous  limestone  from  Mexico,  541. 
Hanging  Rock  district,  Kentucky,  carbonates  and  limonites  [141,  143]. 
Hanna  coal-mine,  Somerset  County,  Pa.,  483,  496. 
Hardin  County,  111.,  carbonate  iron-ore  [143]. 
Hardness  of  steel :  Method  of  hardening  soft  steel,  316. 
Hardy  County,  West  Virginia,  fossil-ore  [140]. 
Harnedsville  coal-mine.  Pa.,  476. 
Harris,  Joseph  S.,  The  Beneficial  Fund  of  the  Lehigh  Coal  and  Navigation  Company 

[449],  587. 
Hart  Connty,  Kentucky,  carlionates  and  limonites  [142]. 
Hawley,  Mass.,  magnetic  iron-ore  [132]. 
Haycock  iron-mine,  Canada,  193. 
Hay's  coal-mine,  Somerset  County,  Pa.,  482. 
Headlight  copper-mine,  Adams  County,  Pa.,  89. 
Heinbach's  coal-mine,  Somerset  County,  Pa.,  482,  496. 
Heinemeyer  coal-mine.  Pa.,  496. 
Hematite  (see  Iron-ores,  Analyses,  Specular  iron-ore,  Red  hematite,  Brown  hematite 

and  Limonite). 
Henderson,  C.  Hanford,  The  Copper  Deposits  of  South  Mountain  [10],  85. 
Hess  copper-mine,  Adams  County,  Pa.  [89]. 
High  Bridge,  Kentucky,  Visit  to,  456. 
Hitchcock,  Professor  C.  H.,  The  Geological  Position  of  the  Philadelphia  Gneisses 

[10].  68. 
Hocking  Valley,  Ohio,  limonite  and  clay-iron-stone  [143]. 
Hoffman's  coal-mine.  Pa.,  477  [484,  488]. 

Holly,  Birdsill,  System  of  steam  distribution  invented  by,  633. 
Holmes  County,  Ohio,  carbonate  iron-ore  [141]. 
Holston  Valley,  Virginia,  Salt  and  gypsum  in,  28. 
HoTCHKiss,  Major  Jed.,  The  Coah  of  the  Lower  Measures  or  Conglomerate  Group  in 

the  Virginian  [9].     The  L-on-Ores  of  the  Virginias,  west  of  the  Archcean  or  Eastern 

Blue  Ridge  [9]. 
Hot  Springs  County,  Arkansas,  magnetic  iron-ore  [134]. 
Houston  mines,  Botetourt  County,  Va.,  21. 

Howe,  H.  M.,  A  /Systematic  Nomenclature  for  Minerals  [176],  238.     Remarks  on  de- 
composition of  sulphurets  in  roasting  silver-ores,  294. 
Hubbard,  Dodge  County,  Wisconsin,  fossil  ore  [140]. 
Huddle  iron-mine.  Cripple  Creek,  Virginia  [28],  36. 
JIudson  River  Ore  and  Iron  Company,  Visit  to  property  of,  180. 
Hugus  coal-mine,  Somerset,  Pa.,  487,  494. 
Hunt,  A.  E.,  Some  Notes  and  Tests  of  an  Open  Hearth  Steel  Charge  made  for  Boiler 

Plates  [176],  311.     The  Colorimetric  Determination  of  Carbon  in  Steels  [179],  303. 

Remarks  on  determination  of  manganese  in  Spiegel,  303. 
Hunt,  R.  W.,  Presidential  address  at  Roanoke  meeting,  4.    Remarks  :  At  Cincinnati 

meeting,  448,  455  ;  On  the  American  workingman,  599  ;  On  the  basic  process, 

2G9  ;  On  the  death  of  James  Park,  Jr.  [10]. 
Hunt,  Db.  T.  Sterby,  The  Apatite  Deposits  of  Canada  [449],  459. 
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Unnt's  method  of  determining  the  porosity  and  specitio  gravity  of  coke,  112. 
lliiniinirdon  County,  Pa.,  carbonate  iron-ore   [141];     fossil  ore  [140];     linionite 

[140]. 
Ilnntsville,  .\labama,  kaoline  [Ho], 
Iluronian  periini,  Iron-ores  of,  184,  Itil. 
Hyhon  inm-uiine,  Floyd  Connty,  Virginia  [l.i3]. 
Ht/poihesis  of  the  Structure  of  the  Copper  Belt  of  tlie  South  Mountain  (Frazeu'I  [9],  82. 

Illinois  Central  Iron  Mining  and  Coal  Company,  method  of  coking,  221. 

Intprorement.t  in  Owl-  Washinff  Marhinenj,  Elcvalors  and  Conreijnra  (Sti'TZ)  [449],  497. 

Improffvu^ts  in  Methods  for  rht/sicol  Te.<is  f  Abbott)  [448],  607. 

Indiana  County,  Pa.,  brown  hematite  [142]. 

Iridium  :  Amalgamation  and  fusion  of,  578;  its  use  in  electro-plating,  585. 

Iridium  Indu.<tnj  (DvPLEY)  [450],  577. 

Iron  {see  also  Pig-iron,  Wronght-iron,  etc.) :  Analyses  of,  521.  Cost  of  charcoal  and 
ci>ke-iron  in  Virginia,  39.  Determination  of  phosphorus  in,  518.  Excess  of 
phosphorus  in  pig-iron,  506.  Pig-iron  made  from  carbonate  ore,  520.  Process 
for  making  wrought-iron  direct  from  the  ore,  522.  Process  of  puddling  cast- 
iron,  523.     Silicon  in  highly  phosphuretted  pig-iron,  507. 

Iron  County,  Mo.,  limonite  [139]. 

Ikox-Mixes  of  the  United  States  (see  also  Iron-ores):  Alabama:  Eureka 
Furnace  (fossil-ore),  158.  Connecticut:  Somerset  (magnetic)  [134].  Mis- 
souri: Iron  Mountain,  135;  Pilot  Knob,  135.  New  York:  Amenia  (carbon- 
ate), 91:  Salisbury  (hematite),  137.  North  Carolina:  Cape  Fear  River, 
Buckhorn  (magnetic)  [135];  Douglass  (magnetic)  [135].  Tennessee:  Sulli- 
van County,  Crockett,  24,  25;  Sharp,  24;  Thomas.  24.  Virginia:  Aiigusta 
County,  Cremora,  22;  Chestnut  Flat  [28];  Floyd  County,  Bear  Beds  [133], 
Hylton  [133],  Toiicray  [133]  ;  Giles  County,  Eipplemead,  24  [28, 133]  ;  Iron- 
dale  Section,  Crockett  &  Co.  [36]  ;  Francis  Mill  Creek  [28],  Norma  Mining 
Company,  36,  Porter  bank,  37 ;  New  Eiver-Cripjile-Creek  ore-belt,  22  [25]; 
Page  County,  Smith  bank  [20] ;  Pulaski  Coimty,  Culbertson's  bank,  27 
[2S]  ;  Rich  Hill  or  Forney's  property,  23  [28]  ;  Rockingham  County,  Fox 
Mountain  bank,  Round  Mountain  [20],  21  ;  Washington  County,  Gallaher, 
25  [1.33]  ;  Wythe  County,  Brown  Hill  [28],  Cave  Hill  [28],  37,  Chadwell  [28], 
36,  Crawford's  [28],  31,  Creggar  Bank  [28],  38,  Dry  Creek  [28],  37,  Eagle  [28], 
36,  Gannaway,  37,  Graham  [28,  30],  Graham  Old  Banks  [28],  32  [33],  Pluddle 
[28],  36,  McGavock  [28,  30],  Moore  [28],  36,  New  River  Mineral  Company, 23, 
Oglesby  [28],  31,  Peirce  [28],  36,  Peirce's  Falls  [28],  Ravencliff  [28],  36,  Reed 
Island,  30,  Robinson  [28,  30],  Sanders,  33,  Speedwell  [28],  37,  Speedwell 
Furnace,  2.3,  Squier  [28,  30,  31],  Van  Liew  [28],  Walton  [33],  White  Rock 
Furnace  [28],  38,  Wytheville  [133].  Iron-Mines  of  Other  Countries: 
Canada:  Blithefield  township,  Calabogie  Lake,  198;  Raddenhurst  &  Sherritt, 
199;  Bristol,  195;  Levant  township,  B.  Caldwell,  200,  Bethlehem,  200;  North 
Cro<by,  Spectacle  Lake,  197  ;  Palnierston  township,  Roijerts,  201  ;  Quebec,  For- 
sythe.  194;  South  Sherljrooke,  Bygrove,  197;  Fournier,  197;  Templeton  town- 
ship, Haycock,  193 ;  Thirty  Island  Lake,  Glendower,  203.  Mexico :  La  Paloma, 
[5.37],  553. 

Iron  Mountain,  Bartlett,  N.  H.  [132]. 

Iron  Mountain,  Southea.st  Missouri  [135]. 

Iron-ores  (see  also  Analyses  and  Iron-mines) :  Alabama:  Attala  (fossil-ore)  [140]  ; 
Bibb  County  (brown  hematite)  [138],  1.55;  (fossil-ore)  [138];  Birmingham 
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(fossil-ore)  [140]  ;  Brown's  Valley  (hematite)  [138]  ;  Cahaba  Valley  (brown 
hematite)  [138],  156;  Chilton  County  (brown  hematite)  [161]  ;  Coosa  County 
(magnetic)  [134,  161]  ;  Coosa  Valley  (brown  hematite)  [138]  ;  Garlsden  (fossil- 
ore)  [140]  ;  Gaylesville  (fossil-ore)  [140]  ;  Cullman  County  (ferrocalcite)  [145]  ; 
DeKalb  County  (fossil-ore),  158  ;  Etowah  County  (fossil-ore),  158  ;  Jefferson 
County  (fossil-ore),  158,  159;  Jones'  Valley  (brown  hematite)  [159]  ;  (fossil- 
ore)  [140] ;  Lee  County  (magnetic)  [134]  ;  Macon  County  (magnetic)  [134]  ; 
Murfrees' Valley  (brown  hematite)  [138,159]  ;  Murfrees' Valley  (fossil-ore),  159; 
Ked  Mountain  Kidge  (fossil-ore)  [140],  157  ;  Roup  and  Jones  Valley  (brown 
hematite)  [138]  (fossil-ore)  [140]  ;  Round  Mountain  (fossil-ore)  [140]  ;  Shelby 
County  (brown  hematite)  [138],  155  (red  hematite)  [156]  ;  St.  Clair  County 
(fossil-ore),  158  ;  Talladega  County  (brown  hematite),  155 ;  Tallapoosa  County 
(magnetic)  [134]  ;  Tennessee  Valley  (brown  hematite)  [145]  ;  Tuscaloosa 
County  (hematite)  [138];  Warrior  coal-field  (black-band  ore),  152 ;  Willis 
Valley  (hematite)  [138].  Arkansas:  Franklin  County  (siderite)  [142];  Hot 
Springs  Cotmty  (magnetic)  [134]  ;  Madison  County  (siderite)  [142]  ;  Pope 
County  (siderite)  [142]  ;  Washington  County  (siderite)  [142]  ;  Colorado:  Pit- 
kin County  (hematite),  638;  Connecticut:  Fairfield  County  (magnetic)  [133]; 
Litchfield  County  (limonites),  137;  Roxbury  (spathic)  [134].  Delaware: 
New  Castle  County  (limonite)  [143].  Georgia:  Allatoona  Hills  (specular) 
[134]  ;  Dade  County  (fossil-ore)  [140]  ;  Walker  County  (fossil-ore)  [140]. 
Illinois:  Crawford  County  (carbonate)  [143];  Edwards  County  (carbonate) 
[143]  ;  Hardin  County  (carbonate)  [143]  ;  Schuyler  County  (carbonate)  [143]  ; 
Wayne  County  (carbonate)  [143].  Kansas  :  Fort  Scott  (spathic)  [143]  ;  Ma- 
rais  des  Cygnes  (spathic)  [143];  Neosho  (spathic)  [143].  Kentucky:  Boyd 
County  (carbonates  and  limonites)  [141]  ;  Butler  County  (carbonates  and 
limonites)  [142]  ;  Carter  County  (carbonates  and  limonites)  [141]  ;  Cumber- 
land River  (limonite)  [142]  ;  Edmondson  County  (carbonates  and  limonites) 
[142]  ;  Grayson  County  (carbonates  and  limonites)  [142]  ;  Greenup  County 
(carbonates  and  limonites)  [141]  ;  Hanging  Rock  District  (carbonates  and 
limonites)  [141,  143];  Hart  County  (carbonates  and  limonites)  [142]  ;  Law- 
rence County  (carbonates  and  limonites)  [141]  ;  Muhlenburg  County  (carbon- 
ates and  limonites). [142]  ;  Nolin  River  (carbonates  and  limonites)  [141]  ;  Red 
River  (fossil-ore)  [140]  ;  Slate  Furnace,  Bath  County  (fossil-ore)  [140].  Maine: 
Aroostook  County  (red  hematite),  137.  Grayson  County  (magnetic)  [133]  ; 
Hancock  County,  Buckfield  Island  (magnetic)  [132]  ;  Marshall's  Island  (mag- 
netic) [132];  Mount  Desert  Island  (magnetic)  [132],  Massachusetts:  Berk- 
shire County  (limonites),  137  ;  Bernardston  (magnetic)  [137]  ;  Hawley  (mag- 
netic) [132].  Maryland:  Alleghany  County  (siderite)  [142]  ;  Frederick 
County  (brown  hematite)  [138]  ;  Harford  County  (magnetic)  [133] ;  Wash- 
ington County  (brown  hematite)  [138].  Michigan:  Marquette  (magnetic, 
limonite,  and  specular),  136;  Menominee  River  District  (magnetic),  136. 
Minnesota:  Mesabic  range  (magnetic)  [136];  Vermilion  range  (specular) 
[136].  Missouri:  Bollinger  County  (limonite)  [139]  ,  Butler  County  (limonite) 
[139]  ;  Camden  County  (red  hematite)  [139]  ;  Cape  Girardeau  County  (limo- 
nite) [139]  ;  Crawford  County  (red  hematite)  [139]  ;  Dent  County  (red  hema- 
tite) [139]  ;  Franklin  County  (red  hematite)  [139]  ;  Iron  Company  (limonite) 
[139]  ;  Madison  County  (limonite)  [139]  ;  Maries  County  (red  hematite)  [139]  ; 
Miller  County  (red  Jiematite)  [139]  ;  Perry  County  (limonite)  [139]  ;  Phelps 
County  (red  hematite)  [139]  ;  Pulaski  County  (red  hematite)  [139]  ;  Saint 
Genevieve  County  (limonite)  [139]  ;  Shannon  County   (red  hematite)   [139]  ; 
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Stotidard  County  ^limonite'l  [130];  Upper  Osage  district  (linionite)  [1-12] ; 
"Washington  Comity  (red  lieniatitel  [loi)];  Wayne  County  (linionito)  [loO]; 
^kew  Havipishire :  Bartlett  (magnetic)  [KVJ];  Grafton  County  (magnetic  and 
specular)  [132].  Xeic  Jasty :  Sussex  County  (retl  hematite)  [135];  Warren 
County  (reil  hematite)  [135].  Xar  Yorl: :  Chateaugay  (magnetic),  S;  Colum- 
bia County  (limonites),  137;  Dutchess  County  (limonites),  137  ;  Essex  County, 
Port  Henry  Mine  (magnetite)  [4ti2]  ;  Hudson  River  (spathic),  8  ;  Lake  Cham- 
plain  (magnetic),  133;  Madison  County  (fossil  ore)  [130];  Oneida  County 
(fossil  ore)  [139];  St.  Lawrence  County  (specular)  [134];  Troy  (magnetic) 
[134]  ;  Ulster  County  (clay  iron-ore)  [141]  ;  Wayne  County  (fossil  ore)  [139]. 
Xorth  Carolina:  Anderson  Mountain  (magnetic)  [135];  Burke  County  (mag- 
netic) [133]:  Cabarras  County  (carbonate)  [134]  ;  Caldwell  County  (magnetic) 
[133] ;  Catawba  County  (magnetic)  [135]  ;  Chapel  Ilill  (specular)  [135]  ; 
Cherokee  County  [13S]  ;  Davidson  County  (carbonate)  [134];  Egypt  (black- 
band)  [143];  French  Broad  district  (magnetic)  [134];  Gaston  County 
(magnetic)  [135] ;  Jackson  (magnetic)  [134] ;  King's  Mount.nin  (mag- 
netic) [135];  Lincoln  County  (magnetic)  [135]  ;  Macon  (magnetic)  [134]; 
McDowell  County  (limonite)  [135]  ;  Mitchell  County  (magnetic)  [133]  ; 
Montgomery  County  (specular)  [135];  Randolph  County  (specular)  [^35]; 
Rockingham  County  (magnetic)  [133];  Rowan  County  (carbonate)  [134]; 
Stokes  County  (magnetic)  [135] ;  Surry  County  (magnetic)  [135] ;  Wake 
County  (limonite)  [135];  Wilkes  County  (magnetic)  [133];  Yadkin  County 
(magnetic)  [135].  Ohio:  Adams  County  (fossil-ore)  [140];  Athens  County 
(limonite  and  clay-iron-stone)  [143]  ;  Clinton  County  (fossil-ore)  [140]  ;  Hock- 
ing County  (limonite  and  clay-iron-stone)  [143]  ;  Holmes  County  (carbonate) 
[141]  ;  Jackson  County  (limonite  and  clay-iron-stone)  [143]  ;  Jefferson  County 
(carbonate)  [141]  ;  Lawrence  County  (limonite  and  clay-iron-stone)  [143]  ; 
Muskingum  County  (fossil-ore)  [140]  (limonite  and  clay-iron-stone)  [143]  ; 
Perry  County  (limonite  and  clay-iron-stone)  [143];  Scioto  County  (limonite 
and  clay-iron-stone)  [143];  Stark  County  (black-band)  [143]  ;  Summit  County 
(carbonate)  [141];  Tuscarawas  County  (black-band)  [143];  Vinton  County 
(limonite  and  clay-iron-stone)  [143]  ;  Washington  County  (carbonate)  [141]. 
Penn-^ylvania :  Armstrong  County  (brown  hematite)  [142];  Beaver  County 
(brown  hematite)  [142]  ;  Bedford  County  (carbonate)  [141]  ;  Bedford  County 
(fossil-ore)  [140]  ;  Blair  County  (limonite)  [140,  141]  ;  Butler  County  (bro\^ 
hematite)  [142]  ;  Cambria  County  (carbonate)  [141]  ;  Canoe  Valley  (brown 
hematite)  [137]  ;  Center  County  (fossil-ore)  [140]  ;  Center  County  (brown 
hematite)  [142]  ;  Clarion  County  (brown  hematite)  [142]  ;  Clearfield  County 
(carbonate)  [141]  ;  Clearfield  County  (brown  hematite)  [142]  ;  Cumberland 
County  (brown  hematite)  [137]  ;  Fayette  County  (carbonate)  [141]  ;  Franklin 
County  (brown  hematite)  [137]  ;  P'ulton  County  (fossil-ore)  [140]  (carbonate) 
[141]  ;  Huntingdon  County  (fossil-ore  and  limonite)  [140]  (carbonate)  [141]  ; 
Indiana  County  (brown  hematite)  [142]  ;  Jefferson  County  (brown  hematite) 
[142];  Juniata  County  (fossil-ore)  [140]  (limonite)  [141];  Kishcoquillas 
Valley  (brown  hematite)  [137];  Kittatining  Valley  (brown  hematite)  [137]; 
Lawrence  County  (brown  hematite)  [142]  ;  Lycoming  County  (carbonate) 
[141]  ;  Mifflin  County  (fossil-ore)  [140]  ;  Montour  County  (fossil-ore)  [140]  ; 
Morrison  Cove  Valley  (brown  hematite)  [137]  ;  Nittany  Valley  (brown  hema- 
tite) [137]  ;  Northumberland  County  (fossil-ore)  [140]  ;  Perry  County  (limo- 
nite) [140,  141];  PotLsville  (black-band)  [142J ;  Scrantdn  (carbonate)  [141]  ; 
Sinking  Valley  (brown  hematite)  [137];  Snyder  County_(  fossil -ore;  [140]; 
VOL.  XII. — 45 
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Somerset  County  (carbonate)  [141]  ;  South  Mountain  (magnetic)  [133]  ;  Tioga 
County  (fossil-ore)  [141]  ;  York  (brown  hematite)  [137].  Rhode  Island:  Cum- 
berland Iron  Hill  (magnetic)  [133].  South  Carolina:  Pickens  County  (brown 
hematite)  [135]  ;  Spartanburg  County  (brown  hematite  and  magnetic)  [135]  ; 
Union  County  (magnetic)  [135]  ;  York  County  (magnetic)  [135].  Tennessee: 
Campbell  County  (hematite)  [138];  Carter  County  (magnetic)  [134];  Carter 
County  (hematite)  [138]  ;  Chattanooga  (fossil-ore)  [140]  ;  Davidson  County 
(hematite)  [138]  ;  Lawrence  County  (brown  hematite)  [145]  ;  Maury  County 
(hematite)  [138];  SafFord  [144]  ;  Sullivan  County  (hematite)  [138].  Texas.- 
Burnet  County  (magnetic)  [134];  Llano  County  (magnetic)  [134]  ;  Vermont: 
Bennington  County  (limonite)  [137]  ;  Rutland  County  (limonite)  [137]  ;  Vir- 
ginia: Augusta  County  (red  hematite)  [138];  Bedford  County  (red  hematite) 
[138]  ;  Bland  County  (fossil-ore)  [140]  ;  Botetourt  County  (red  hematite) 
[138]  ;  Blue  Ridge  (specular),  18  ;  Carroll  County  (magnetic)  [133]  ;  Cripple 
Creek,  27  ;  Cumberland  Valley  (fossil-ore),  158;  Giles  County  (fossil-ore)  [140]  ; 
Giles  County  (brown  hematite)  [141]  ;  Great  Valley  (brown  hematite)  [141]  ; 
Grecnway  (magnetic)  [135]  ;  Lee  County  (fossil-ore)  [140]  (brown  hematite) 
[141]  ;  Pulaski  County  (brown  hematite)  [141]  ;  Rivervale  (magnetic)  [135]  ; 
Rockbridge  County  (red  hematite)  [138]  ;  Russell  County  (fossil-ore)  [140] 
(brown  hematite)  [141]  ;  Scott  County  (brown  hematite)  [141]  (fossil-ore) 
[140];  Smythe  County  (red  hematite)  [138];  Stapleton  (mairnetic)  [135]; 
Tazewell  County  (fossil-ore)  [140]  ;  Tazewell  County  (brown  hematite)  [141]  ; 
Warren  County  (red  hematite)  [138]  ;  Wise  County  (fossil-ore)  [140]  ;  Wythe 
County  (red  hematite)  [138]  ;  Wythe  County  (fossil-ore)  [140].  IFesC FfVf/mi'a .• 
ClayCounty  (black-band)  [142]  ;  Fayette  County  (black-band  ore)  [142] ;  Grant 
County  (fossil-ore)  [140]  ;  Greenbriar  County  (fossil-ore)  [140];  Hardy  County 
(fossil-ore)  [140]  ;  Kanawha  County  (black-band)  [142]  ;  Kanawha  Valley 
(limonite)  [142];  Mercer  County  (fossil-ore)  [140];  Monroe  County  (fossil- 
ore)  [140]  ;  Nicholas  County  (black-band)  [142];  Pendleton  County  i  fossil- 
ore)  [140];  Wayne  County  (black-band)  [142].  Wisconsin:  Dodge  County 
(fossil-ore)  [140];  Florence  County  (magnetic),  136;  Penokie  range  (mag- 
netic) [136];  Richland  County  (red  hematite  and  limonite)  [139];  Sauk 
County  (red  hematite  and  limonite)  [139]  ;  Mexico :  Durango,  556 ;  La  Paloma, 
553. 

||[on-ores :  Analyses  of,  18,  19,  21,  22,  23,  25,  28,  29,  30,  32,  35,  37,  38,  92, 165, 166, 
167,  168,  193,  195,  196,  199,  201,  202,  2u4,  225,  226,  363,  555,  557,  639,  640; 
Methods  of  roasting,  361. 

Iron- Ores  of  Alabama,  Georgia,  and.  Tennessee  (Porter)  [451]. 

Iron- Ores  of  the  Valley  of  Virginia  (McCreath)  [9],  17. 

Iron-Ores  of  the  Virginias,  West  of  the  Archcean  or  Eastern  Blue  Ridge  (Hotchkiss) 
[9].^ 

Irondale  iron-mine,  Va.,  36. 

Ironton,  Sauk  County,  Wis.,  red  hematite  and  limonite  [139]. 

Iron  Ridge,  Walker  Count)',  Ga.,  fossil-ore  [140]. 

Ivanhoe  Furnace,  Va.,  38. 

Jackson  County,  O.,  limonite  and  clay-iron-stone  [143]. 

Jackson,  N.  C,  magnetic  iron-ore  [134]. 

Jasper  in  Alabama  [161]. 

Jefferson  County,  Ala.,  coal,  148,  fossil-ore,  158,  159. 

Jefferson  County,  O.,  carbonate  iron-ore  [141]. 
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Jefferson  Conntv,  Pa.,  brown  hematite  [142]. 

Johnstown  o<Kil-mine,  Pa.,  3'2o,  475. 

Johnstown  Manufacturing  Company's  coal-mine,  Pa.,  401. 

Jones's  Valley,  Ala.,  brown  hematite  [loO]  ;  fossil-ore  [140]. 

JoNEj!,  W.  R.,  Remarks  on  insurance  of  workingmen,  598 ;  on  the  use  of  natural 

gas  at  the  E<lgar  Thomson  Steel  Works  [449]. 
Jt:LlA>f,  Frank,  Xote  on  the  Determination  of  PhoftpJiorus  in  Iron  [449],  518. 
Juniata  County,  Pa.,  fossil-ore  [140]  ;  limonite  [141]. 

Kanawha  Valley,  West  Va.,  black-band  and  limonite  [142]. 

Kaoiine,  analyses  of,  172;  in  Louisa,  Randolph  County,  Ala.  [161]. 

Kelly  coal-be*l.  Pa.,  323. 

Kemble  Coal  i*i  Iron  Company's  coal-mine,  Pa.,  323. 

Kent's  Ridge,  Russell  County,  Va.,  brown  hematite  [141]. 

Kent,  William,  Remarks  on  tamping  drill-holes,  576,  577. 

Keystone  Coal  &  Manufacturing  Company's  mine,  Pa.,  495. 

Kiernan's  coal-mine.  Pa.  [478,  488]. 

Kilns:  For  drying  ores,  95  ;  comparison  of  shelf  with  cylindrical  dry-kiln,  99  ;  For 

roasting  ores  :  Gjers  kilns,  372  ;  Grittinger  kilns,  377. 
Kimball,  Dr.  J.  P.,  Differential  Samplinp  of  Coal-seams  [179],  317  ;   The  Qiiema- 

honinci  Coal-field  of  Somerset  County,  Pa.  [451],  468. 
Kimmel  Coal-mine,  Beaver  Dam  Creek,  Somerset  County,  Pa.,  481. 
King's  Coal-mine,  Somerset  County,  Pa.  [476]  [482],  487. 
King's  Mountain,  North  Carolina,  magnetic  iron-ore  [135]. 
Kishcoquillas  Valley,  Pa.,  brown  hematite  [137]. 
Kittanning  Coal  Company's  Mine,  Blair  County,  Pa.,  485,  494. 
Kittanning  Lower  Coal-bed,  Quemahoning  Field,  Pa.,  475  [488],  491. 
Kittanning  Upper  Coal-bed,  Pa.,  323,  479  [472],  481,  483,  488,  492. 
Kittatining  Valley,  Pa.,  brown  hematite  [137]. 
Knebel's  Coal-mine,  Shade  Creek,  Pa.,  476. 
Korting  steam-injector,  276. 
Kuntz's  Coal-mine,  Beaver  Dam  Run,  Pa.,  476. 

Laboratory  at  Wyandotte,  Michigan,  Description  of,  223. 

Lake  Champlain,  N.  Y.,  magnetic  iron-ore,  133.  'i 

Laxgdon,  N.  M.,  The  Langdon  Gas-Producer  [10],  93. 

Lape's  Coal-mine,  Somerset  County,  Pa.,  485,  486. 

Laurel  Run  Coal-mine,  Pa.,  492. 

Laurentian  formation,  magnetic  iron-ore  of,  132. 

Law  of  the  Apex  (Raymond)  [175],  387  ;  Appendix,  677. 

Lawrence  County,  Ala.,  mineral  tar,  145. 

Lawrence  County,  Ky.,  carbonates  and  limonites  [141]. 

Lawrence  County,  Ohio,  limonite  and  clay-ironstone  [143]. 

Lawrence  County,  Pa.,  brown  hematite  [142]. 

Leaching  Gold  and  Silver  Ores  in  the  West  (Egleston)  [10],  40. 

Leaching  silver-ores,  279. 

Lead-mines:  Sayers  and  Stephens',  Va.,  30.      Walton  Mine,  Va.  [28].      Wythe 

Mines,  Va.  [28],  32. 
Lee  County  Ala.,  magnetic  iron-ore  [134]. 
Lee  County,  Va.,  fo.ssil-ore  [140]. 
Lehigh  Coal  and  Navigation  Company's  Beneficial  Fund,  590. 
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Lemon  Coal-bed,  Pa.,  323,  485,  494. 

Lemon's  Coal-mine,  Blair  County,  Pa.  [485]. 

Lesley,  Prof.  J.  P.,  comments  on  Hall's  classification  of  Philadelphia  rocks,  69. 

Leslie  Coal-mine,  Somerset  County,  Pa.,  483. 

Levels,  list  of,  in  Mexico,  567. 

Lexington  Silver-mill  (lixiviating),  Montana  [43]. 

Lilly  Station  coal-mine,  Cambria  County,  Pa.,  323. 

Limestone,  analyses  of,  313. 

Limonite  (see  also  Hematite  and  Brown  Hematite) :  in  Carboniferous  rocks,  142 ; 
in  Cretaceous  rocks,  143  ;  in  Devonian  rocks,  141  ;  in  Subcarboniferous  rocks, 
141  ;  in  Huronian  rocks,  136,  161  ;  in  Siluro-Cambrian  rocks,  136,  155. 

Lincoln  County,  N.  C,  magnetic  iron-ore  [135]. 

Linkenbach  huddle,  65. 

Linville  Mountain,  McDowell  County,  N.  C,  limonites  [135]. 

Liston  coal-mine.  Pa.,  476,  496. 

Litchfield  County,  Conn.,  limonites,  137. 

Lithia,  presence  of,  in  Ohio  fire-clays,  505. 

Livengood  and  Keim's  coal-mine.  Pa.,  495. 

Llano  County,  Texas,  magnetic  iron-ore  [134]. 

Lloydsville  coal-mine,  Cambria  County,  Pa.,  475,  491. 

Lloydsville  coal-beds,  Clearfield  County,  Pa.,  323. 

Location,  end-lines  of,  in  U.  S.  Mining  Law,  429. 

Lode,  the,  in  the  U.  S.  Mining  Law,  394,  429. 

Lohr's  coal-mine,  Somerset  County,  Pa.,  475,  481,  484. 

Lookout  Mountain,  De  Kalb  County,  Ala.,  coal,  147. 

Lookout  Mountain,  Ga.,  fossil  ore  [140]. 

Lord,  Prof.  N.  W.,  Notes  on  Lithia  in  Fire-clay  [449],  505  ;  Note  on  Some  Highly 
Phosphuretted  Pig  Irons  [449],  506. 

Losses  in  roasting  silver-ore,  287. 

Louisa  County,  Va.,  pyrites  deposits,  530. 

Lucy  Furnace,  Pittsburgh,  Pa.,  use  of  coke  in,  214. 

Lycoming  County,  Pa.,  fossil  ore  [141]. 

Lynchburg,  Va.,  excursion  to,  9;  Pyrites-deposits  of  [530]. 

Macon,  N.  C,  magnetic  iron-ore  [134]. 

Macon  County,  Ala.,  magnetic  iron-ore  [134]. 

Machinery  for  coal- washing,  conveying  and  elevating,  497. 

Machines  for  testing-purposes,  608. 

Mackintosh,  J.  B.,  The  Volumetric  Determination  of  Manganese  [11],  79;  Remarks 

on  determination  of  manganese  in  spiegel,  300. 
Madison  County,  Ark.,  siderite  [142]. 
Madison  County,  Mo.,  limonite  [139]. 
Madison  County,  N.  Y.,  fossil  ore  [139]. 
Magnetic  iron-ores  (see  Iron-ores,  Iron-mines,  and  Analysis). 
Manganese:  Determination  of,  in  spiegel,  steel,  etc.,  73,  75,  79,  295,  514;  Influence 

of,  on  steel,  665. 
Manganese  ores,  analyses  of,  22,  172. 
Mapleton  coal-mine.  Pa.,  492. 
Marais  des  Cygnes,  Kan.,  spathic  ore  [143]. 
Marble  Mountain,  Warren  County,  N.  J.,  red  hematite  [135]. 
Maries  County,  Mo.,  red  hematite  [139]. 
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Marquette,  Mich.,  magnetic  iron-ore,  13G. 

^larsliall's  lisland,  llancoik  County,  Me.,  magnetii*  iron-ores  [lo"J]. 

Matte:  Extraction  of  gold  and  silver  from  roasted  matte,  42. 

Maury  County,  Tenn.,  hematite  [13S]. 

^[ayn'ard,  G.  W.,  Biographical  Notice  of  Sir  C.  W.  Siemens  [451],  645. 

McCliutock  coal-mine,  Somerset  County,  Pa.,  483,  496. 

McCreatii,  a.  S.,  The  Iron-ores  of  the  Valley  of  Virginia  [9],  17. 

Mi-Gavock  mine,  New  River,  Va.  [28,  30]. 

Mi-Gregor's  coal-mine,  Dark  Shade  Creek,  Pa.,  47(5. 

Members  :  Election  of,  at  Roanoke  Meeting,  11, 12  ;  at  Troy  meeting,  177  ;  at  Cin- 
cinnati meeting,  453. 

Menominee  River,  Mich.,  magnetic  and  siiecnlar  ores,  136. 

Mercer  County,  W.  Va.,  fossil  ore  [140]. 

Mercury  as  a  reagent  [42]. 

Mesabic  Range,  Minn.,  magnetic  iron-ore,  136. 

Metallurgical  works  (see  Blast-furnaces,  Smelting-works,  etc.). 

Meyers'  coal-mine,  Somerset  County,  Pa.,  481-482. 

Michigan  peninsula,  origin  of  copper  in,  compared  with  that  of  South  Mountain, 
So. 

MifHin  County,  Pa.,  fossil  ore  [140]. 

Milan  copper-mines,  N.  H.  [530]. 

Miller  County,  Mo.,  red  hematite  [139]. 

Minas  Viejas,  Mex.,  silver-mines  [543]. 

^lineral  names  which  closely   resemble  each  other,  243. 

Mines  (see  under  the  different  metals  and  minerals). 

Mining  law  of  the  United  States,  387,  677. 

Mispickel  fused  with  gold,  amalgamation  of,  379,  385. 

Monroe  County,  W.  Va.,  fossil  ore  [140]. 

Montanos  silver-mines,  Mex.  [537],  547,  551. 

Montgomery  County,  N.  C,  specular  iron-ore  [135]. 

Moore  iron-mine.  Cripple  Creek,  Va.  [28],  36. 

Morgan  County,  Ala.,  coal,  147. 

Morgan's  coal-mine,  Pa.,  476,  478. 

Morrisdale  coal-mine,  Pa.,  492. 

Morrison  Cove  Valley,  Pa.,  brown  hematite  [137]. 

Moshannon  coal-mine.  Pa.,  493. 

Mount  Desert  Island,  Hancock  County,  Me.,  magnetic  iron-ores  [132]. 

Mount  Torry  furnace,  Augusta  County,  Va.  [20]. 

Mount  Vernon  Furnace,  Ohio,  506. 

Moxahala  Furnace,  Perry  County,  Ohio,  506. 

Muhlenberg  County,  Ky.,  carbonates  and  limonites  [142]. 

Murfree's  Valley,  Ala.,  brown  hematite  [138],  159;  fossil  ore,  159. 

Mushier  coal-mine,  Somerset  County,  Pa.,  482. 

Muskingum  Coimty,  Ohio,  limonite  and  clay  iron-stone  [143]. 

Musselman  Hill  copper-mine,  Adams  County,  Pa.,  87. 

Napanoch,  Ulster  County,  N.  Y.,  clay  iron-ore  [141]. 

Nelsonville  coal-bed,  Ohio,  324. 

Ueosho,  Kansas,  spathic  ore  [143]. 

New  Castle  County,  Del.,  limonite  [143]. 

Ifew  Furnace  of  the  Crozer  Steel  and  Iron  Company  (WiTHEROw)  [10],  106. 
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New  Hartford,  Oneida  County,  N.  Y.,  fossil  ore  [139]. 

New  Method  of  Manufacturing  Sulphuric  Acid  and  Sulphate  of  Copper  (Wendt)  [178], 

274. 
New  Moshannon  coal-mine,  Pa.,  492. 
New  River— Cripple  Creek  ore-belt,  Va.,  22  [25]. 
New  River  Mineral  Company's  mine,  Va.,  23. 
New  York  Steam  Company's  system  of  steam  distribution,  633. 
Nicliolas  County,  W.  Va.,  black-band  ore  [142]. 
Nicliolson's  coal-mine,  Somerset  County,  Pa.,  482. 
Nittany  Valley,  Pa.,  brown  hematite  [137]. 
Nolin  River,  Ky.,  carbonates  and  liraonites  [141]. 
Norma  Mining  Company's  iron-mine,  Irondale,  Va.,  3(5. 
Northern  Armstrong  County,  Pa.,  brown  hematite  [142]. 
Northern  Serpentine  Belt  in  Chester  County,  Pa.  (Frazer)  [178],  349. 
Northumberland  County,  Pa.,  fossil  ore  [140]. 

Note  Concerning  a  Grade  of  Iron  made  from  Carbonate  Ore  (Gridley)  [449],  520. 
Note  Concerning  Certain  Incrustations  on  Pig-iron   (Robertson  and  Firmstone) 

[449],  641. 
Note  on  Some  Highly  Phosphuretted  Pig-irons  (Lord)  [449],  506;  Note  on  the  Presence 

of  Lithia  in  Ohio  Fire-clays  (Lord)  [449],  505. 
Note  on  Tamping  Drill-holes  with  Plaster  of  Pa' is  (Firmstone)  [449],  574. 
Note  on  the  Determination  of  Phosphorus  in  Iron  (Julian)  [449],  518. 
Note  on  the  Fire  Creek  Coke  of  W.  Va.  (Dewey),  386. 
Note  on  an  Experimental  Working  of  Silver-ores  by  the  Leaching  Process  (Clemes) 

[178],  279. 
Notes  on  Iron-ore  Deposits  in  Pitkin  County,  Colorado  (Devereux)  [451],  638. 
Nye's  Cove,  Tazewell  County,  Va.,  brown  hematite  [141]. 

Oglesby  iron-mine,  Va.  [28],  31. 
Ogline's  coal-mine,  Pa.  [478]. 
Old  Copper  mine,  Adams  County,  Pa.  [89]. 
Old  Telegraph  silver-mill  (lixiviating),  Utah  [43]. 
Ontario,  Wayne  County,  N.  Y.,  fossil  ore  [139]. 
Ore-dressing  machines,  64. 
Ores  (see  under  the  metals). 
Ores  of  Cripple  Creek,  Va.  (Boyd)  [9],  27. 

Orton,  Prof.  Edward,  The  Stratigraphical  Order  of  the  Lower  Coal  Measures  of  Ohio 
[450]. 

Paint  Lick  Mountain,  Tazewell  County,  Va.,  brown  hematite  [141]. 

Paloma  iron-mine,  Mex.  [537],  553. 

P^nuco  smelter,  Candela,  Mex.,  565. 

Papers:  Of  Roanoke,  Va,,  meeting,  15;  Of  Troy,  N.  Y.,  meeting,  183;  Of  Cincin- 
nati, O.,  meeting,  457. 

Pardee,  I.  P.,  Remarks  on  incrustations  on  pig-iron,  043. 

Park,  James,  Jr.,  remarks  on  the  death  of  [10]. 

Peach  Bottom  Slates  of  Southeastern  York  and  Southern  Lancaster  Counties,  Pa. 
(Frazer)  [176],  355. 

Peirce  iron-mine,  Cripple  Creek,  Va.  [28],  36. 

Peirce's  Falls  furnace,  Va.,  32. 
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Peiroo's  Falls  iron-mine,  New  River,  Va.  [28]. 

Pendleiou  County,  W    Va.,  fos.sil-ore  [HO]. 

Penn  ct>al-inine,  Pa.,  493. 

Pennsylvania  geological  survey  :  Criticism  of  its  analyses  of  coals,  326,  333. 

I'enokie  Mountains,  Wis.,  magnetic  iron-ore  [13G]. 

Percussion-tables:  Kittcnger  and  Ellenbecker,  04. 

Perry  Comity,  Mo.,  limonite  [139]. 

Perry  County,  Pa.,  limonite  [140,  141]. 

Perry,  N.  W..  .4  rirliminnrj/  Annonncemait  of  a  Xew  Mineral  [449],  628;  Remarks 
on  the  toi-sion-balance,  573. 

Pheljis  County,  Mo.,  i-ed  hematite  [139]. 

Philadelpliia  and  Reading  Coal  and  Iron  Company's  relief  fund,  588. 

Phils<ni  coal-bed.  Pa.,  495. 

Phosphorus :  Excess  of,  in  pig-iron,  506  ;  Influence  of,  on  steel,  665 ;  Determination 
of,  in  iron,  518. 

Physical  and  Chemical  Tests  of  Steel  for  Boiler  and  Ship- Plate  for  the  United  States 
Got'ernmcnt  Cruisers  (Salom)  [450],  661. 

Physical  Properties  of  Coke  as  a  Fuel  for  Blasl-Farnace   Use  (Fvlton)  [178],  212. 

Physical  tests,  improvements  in  method  of,  607. 

Pickens  C«>unly,  S.  C,  brown  hematite  [135]. 

Pig-iron,  analyses  of,  92,  171,  313;  Of  crusts  formed  on,  642,  643;  Cost  of  making 
in  the  Soutiiern  States,  530;  Excess  of  pliosphorus  in,  50G  ;  Made  froiu  carbo- 
nate ore,  520;  Silicon  in  highly  phosphuretted  pig-iron,  507. 

Pile  ct)al-nune,  Somerset  County,  Pa.,  482,  496. 

Pilot  Knob  iron-mine.  Southeast  Missom-i,  135. 

Pinitos  silver-mines,  Mexico  [537],  547,  550. 

Pittinger  cop[)er-mine,  Adams  County,  Pa.  [89]. 

Pittsburgh  coal-bed,  Pa ,  324,  471,  495. 

Pocahontas  coal-beds,  Virginia,  26  [39]. 

Pocahontas,  Virginia,  Visit  to,  13. 

Pope  County,  Arkansas,  siderite  [142]. 

Porosity  and  Specijic  Gmviiy  of  Coke  (Dewey)  [9],  111,  222. 

Porter  Bank  iron-mine.  Hussy's  Knob,  Virginia,  36. 

Porter,  Professor  J.  B,  The  Iron- Ores  of  Alabama,  Georgia,  and  Temiessee  [451]. 

Port  Henry  iron-mine,  Essex  County,  N.  Y.  [462]. 

Potsdam  sandstone.  Iron-ores  of,  in  Virginia,  18. 

Pottsville,  Pa.,  black-band  [142]. 

Powelton,  Coal  and  Iron  Company's  coal-mine.  Pa.,  491. 

Powell's  Mountain,  Scott  County,  Virginiii,  brown  hematite  [141]. 

Pratt's  Ferry,  Bibb  County,  Alal>ama  oolitic  red  hematite  [138]. 

Preliminary  Announcement  of  a  New  Mineral  (Peury)  [449],  628. 

Price  coal-bed,  Salisbury  sub-basin,  Pa.  [471]. 

Price,  T.,  coal-bed,  Quemahoning  field.  Pa.,  495. 

Proceedings:  Roanoke,  Virginia,  meeting,  1 ;  of  the  Troy,  N.  Y.,  meeting,  173;  of 
the  Cincinnati,  Ohio,  meeting,  445. 

Process  for  Making  Iron  Directfrom  the  Ore  (Ward)  [450],  522. 

Pulaski  County,  Missouri,  red  hematite  [139]. 

Pulaski  County,  Virginia,  brown  hematite  [141]. 

Putnam  coal-mine,  Middle  Creek,  Pa.,  487. 

Pyrites  :  Clay  County,  Alabama  [161  ].  Its  presence  in  coal,  319.  Analyses  of,  172, 
532.     Betty  Baker  mines,  Virginia,  39.     Carroll  County,  Virginia,  39.     Armi- 
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niuscopper-mines,  Virginia,  531.  Connecticut  iron-mines  [530].  Rowe  mines, 
Mass.  [5.30].  Sulphur  mines,  Virginia,  531.  Anthony's  Nose,  N.  Y.  [530]. 
Birmingham,  Ahabama  [530].  Brockville,  Canada  [530].  Capelton,  Canada 
[530].  Carroll  County,  Virginia  [530].  Cecil  County,  Maryland  [530]. 
Ducktown,  Tennessee  [530].  Lynchburg,  Virginia  [530]  ;  Spanish  and  Portu- 
guese deposits,  531. 

Pyrites  of  Limisa  County,  Virginia  (Adams)  [450],  527. 

Pyrolusite,  Chilton  County,  Alabama  [161]. 

Queer's  coal-mine,  Somerset  County,  Pa.,  485  [48G]. 

Quemahoning  Coal-field  of  Somerset  County,  Pa.  (Kimball)  [451],  468. 

Quicksilver  as  a  reagent  in  amalgamation  [42]. 

Raccoon  Mountain,  Alabama,  coal,  147. 

Raddenhurst  and  Sheritt  iron-mine,  Canada,  199. 

Railroad  Cut  coal  mine,  Pa.  [487]. 

Ralston,  Lycoming  County,  Pa.,  carbonate  iron-ore  [141]. 

Ramosite,  a  new  mineral  from  Mexico,  628. 

Randolph  County,  Alabama,  kaoline  [161]. 

Randolph  County,  N.  C,  specular  iron-ore  [135]. 

Rand,  T.  D.  :  Remarks  on  the  sandstone  in  Chester  Valley,  Pa.,  73. 

Ravenclifif  iron-mine.  Cripple  Creek,  Virginia  [28],  36. 

Raymond,  R.  W.,  Notes  on  the  Geology  of  Alabama  [11]  (communicated  for  Schmitz  : 
see  p.  144).  The  Law  of  the  Apex  [175],  387,  677.  Remarks  on  Relief  Associ- 
ations, 600;  on  tamping  drill-holes,  576.  Response  to  address  of  welcome  at 
Troy  meeting  [175]. 

Red  Mountain,  Jones',  Roup's  and  Will's  Valley,  Alabama,  fossil-ore,  157  [140], 

Red  River,  Kentucky,  fossil-ore  [140]. 

Reduction  of  steel,  316. 

Reed  Island  furnace,  Virginia  [29,  31]. 

Reitz  coal  mine,  Somerset  County,  Pa.,  481,  496. 

Relief  associations  for  workingmen,  587. 

Remarks  on  Torsion  (Springer)  [450],  569. 

Rensselaer  Merchant  and  Rail  Mills,  Troy,  N.  Y.,  Visit  to,  175. 

Report  of  Council,  451  ;  of  Secretary  and  Treasurer,  451. 

Rich  Hill  or  Forney  mine,  near  New  River,  Virginia,  23  [28]. 

Rich  Mountain,  Tazewell  County,  Virginia,  brown  hematite  [141]. 

Riojas  silver-mine,  Mexico,  537,  558. 

Rio  Tinto,  Spain,  Pyrites  in  [40]. 

Ripplemead  iron-mine,  Pearisburg,  Giles  County,  Virginia,  24  [28,  133]. 

Rischeberger's  coal-mine,  Pa.,  477. 

Rittinger  percussion-table,  64. 

Rivervale,  Virginia,  magnetic  iron-ore  [135]. 

Riverville,  Virginia,  Visit  to,  9. 

Roanoke  machine  works.  Visit  to,  10. 

Roanoke,  Virginia,  meeting :  Proceedings  of,  1 ;  Papers  of,  15. 

Roasting  cylinders,  Bruckner's,  47,  50. 

Boasting  Iron  Ores  (Birkinbine)  [179],  361. 

Roasting  silver-ores  with  salt,  46. 

Roberts  iron-mines,  Palmerston  township,  Canada,  201. 

Robertson,  Kenneth,  Note  Concerning  Certain  Incrustations  on  Pig-iron  [449], 
641. 
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Kobinson  mine,  New  River,  Virginia  [28,  SO]. 

Ewkbridge  County,  Virginia,  red  hematite  [138]. 

Rcxlger  coal-mine,  Somerset  County,  Pa.,  481. 

Rogers,  11.  D.,  Theory  with  reference  to  the  southern  gneiss-zone,  72. 

Boeidrrs  Method  of  ATanuj'acturing  Sulphuric  Avid  and  Sulphate  of  Copper  (Wendt), 

274. 
RolKTUshers  to  rephice  stamps  [42]. 
Rolling  Mill  coal-mine,  Johnstown,  Pa.,  323,  480,  492. 
Rorer  Hall,  session  of  the  Institute  in,  9. 
Eorer  Iron  Company,  Visit  to  mines  of,  10. 

EoTHWELL,  R.  P.,  Remarks  on  the  amalgamation  of  mispickel,  385. 
Round  Mountain,  Coosa  Valley,  Alabama,  fossil-ore  [140]. 
Round  Mountain  iron-mine,  Virginia  [28]. 
Roup  and  Jones  Valley,  Alabama,  hematite  [138]. 
Roup's  Valley,  Alabama,  fossil-ore  [140]. 
Rowan  County,  X.  C,  carbonate  iron-ore  [134]. 
Rowe  mines,  Mass.,  pyrites  deposits  in  [530]. 
Rummel  copper-mine,  Adams  County,  Pa.,  89. 
Rush  coal-mine,  Laurel  Hill  Creek,  Pa.,  487,  494. 
Russell  copper-mine,  Adams  County,  Pa.  [89]. 
Russell  County,  Virginia,  fossil-ore  [140]. 
Rutile  in  Alabama  [161]. 
Rutland  County,  Vermont,  limonite  [137]. 

SaflTord,  Tennessee,  iron-ore  [144]. 

Saint  Genevieve  County,  Missouri,  limonite  [139]. 

Salisbury  coal-field.  Pa.,  324. 

Salisbury,  N.  Y.,  hematite,  137. 

Salom,  p.  G.,  Physical  and  Chemical  Tests  of  Steel  for  Boiler- and  Ship- Plate  for  the 

United  States  Government  Cruisers  [450],  661. 
Salt,  drying  in  shelf  dry-kilns,  98. 
Salt  in  Holston  Valley,  Virginia,  28. 
Sanders  iron-mine,  Virginia  [33]. 
Sand  Mountain,  Alabama,  coal  [147]. 
San  Rafael  silver-mine,  Mexico,  537,  560. 
Sayers  lead-mine,  Virginia,  30. 
Saylor  Hill  coal-mine,  Pa.,.495. 
Scott  County,  Virginia,  fossil-ore  [140]. 
ScHELLENBERG,  F.  L.,  Remarks  on  relief-fund  of  the  Westmoreland  Coal  Company, 

597. 
ScHMlTZ,  E.  J.,  Contributions  to  the  Geology  of  Alabama  [11],  144. 
Schupstein  coal-mine,  Somerset,  Pa.  [487]. 
Schuyler  County,  Illinois,  carbonate  iron-ore  [143]. 
Scioto  County,  Ohio,  limonite  and  clay-iron-stone  [143]. 
Scranton,  Pa.,  carbonate  iron-ore  [141]. 
Sechler  coal-mine,  Somerset  County,  Pa.,  482. 

Serpentine,  Analysis  of,  354;  of  Chester  and  Delaware  Counties  Pa.,  349. 
Shaefer,  B.,  coal-mine,  Somerset  County,  Pa.,  482. 
Shaefer,  J.,  coal-mine,  Kimberline  Run,  Pa.  [487]. 
Shaefer,  L.,  coal-mine,  Somerset  County,  Pa.  [482]. 
Shaefer's  Farm  coal-mine,  Pa.,  477. 
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Shannon  County,  Missouri,  red  hematite  [139]. 

Sharp  mine,  Sullivan  County,  Tennessee,  24. 

Shelby  County,  Alabama,  brown  hematite,  155. 

Shelf  Dry-Kiln  (Stetefeldt)  [10],  95. 

Shenandoah  Iron  Company  [20],  26. 

Shingledecker  copper-mine,  Adams  County,  Pa.  [89]. 

Shinn,  William  P.,  The  Distribution  of  High-Pressure  Steam  in  Cities  [450],  632. 

Ship-plate,  steel,  661. 

Siemens  process  for  making  wrought-iron,  524. 

Siemens,  Sir  C.  W.,  Biographical  notice  of,  645.  Chronological  records  of  the  work 
of,  654. 

Silicon,  influence  of,  on  steel,  666.     In  highly  phosphuretted  pig-iron,  507. 

Siluro-Cambrian  rocks,  limonite  iron-ores  of  the,  136,  155. 

Silver  Amalgamation  3Iill  [BowEUs)  [450]. 

Silver,  researches  on  the  amalgamation  of  gold  and,  379. 

Silver-mills  (lixiviating) :  Bertrand,  Nevada,  43 ;  Old  Telegraph,  Utah  [43]  ;  Lex- 
ington, Montana  [43]  ;  Triumfo,  Lower  California  [43]. 

Silver-Mines  of  the  United  States:  Lower  California,  Triumfo,  43,  53,  54,  55, 
63;  Nevada,  Secret  Caiion,  Bertrand,  43.  Silver-Mines  of  Other  Countries  : 
il/exico,  Arroyo,  544 ;  Boca  Nueva,  552  ;  Buena  Vista  [543,  546]  ;  Doctor  [543], 
544  [546]  ;  Guadalupe  [543,  546]  ;  Minas  Viejas  [543,  546]  ;  Montanos 
[537],  547,  551;  Pinitos  [537],  547,550;  Riojas  [537],  558;  San  Rafael,  537, 
560. 

Silver-ores :  Analyses  of,  43,  279,  563 ;  Assays,  545,  561 ;  Losses  in  roasting,  287. 
Worked  by  the  leaching  pi-ocess,  279. 

Sinking  Springs,  Adams  County,  Ohio,  fossil-ore  [140]. 

Sinking  Valley,  Pa.,  brown  hematite  [137]. 

Sipe's  coal-mine,  Somerset  County,  I'a.,  485,  486. 

Slimes :  Dressing  of  copper-slimes,  64. 

Smelting  Notes  from  Chihuahua,  Mexico  (Austin)  [179],  185. 

Smelting- works :  Boston  and  Colorado,  Argo,  Col.  [40]  ;  Guadalupe,  Mexico,  541. 

Smock,  John  C,  Oeologico-Geographical  Distribution  of  the  Iron-ores  of  the  Eastern 
United  States  [11],  130. 

Smythe  County,  Va.,  red  hematite  [138]. 

Snyder  County,  Pa.,  fossil-ore  [140]. 

Soda,  hyposulphite  of,  as  a  reagent,  41. 

Some  Canadian  Iron-ores  (Dewey)  [178],  192.  . 

Some  Notes  and  Tests  of  an  Open-hearth  Steel  Charge  made  for  Boiler  Plate  (Hunt) 
[176],  311. 

Same  Researches  on  the  Amalgamation  of  Gold  and  Silver  (Egleston)  [175],  379. 

Somerset  County,  Pa.,  carbonate  iron-ore  [141]. 

Somerset  Mine,  Conn.,  magnetic  iron-ore  [134]. 

South  Chicago,  Bessemer  })ractice  at,  364. 

South  Fork  coal-mine.  Pa.,  491. 

South  Mountain,  Pa.:  Magnetic  iron-ore  [133];  Occurrence  of  copper  in,  85. 

Southwest  Virginia  Improvement  Company,  visit  to  mines  and  coke-ovens  of,  13. 

Spartanburg  County,  S.  C,  magnetic  iron-ore  [135]. 

Specht  coal-mine,  Somerset  County,  Pa.,  475,  481. 

Spectacle  Lake  iron-mine.  North  Crosby,  Can.,  197. 

Specular  iron-ore  (see  Iron-ores). 

Specular  iron-ores  of  the  Huronian  period,  134,  161, 
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Speedwell  Furnace,  Ya.  [23]. 

Speeilwell  iron  mine.  Cripple  Creek,  Va.  [2S],  37. 

Springer,  Dr.  Alfred,  The  Torsion  Balance  [450],  569. 

Spiegel:  Analyses  of,  313,514,  517,  51S;  Determination  of  manganese  in,  295, 
514. 

Spilspi"RY,  E.  Gybbox,  Gold  ^[in^ng  in  So}dh  Cirolina  [10],  9d. 

S<]uier  iron-mine.  New  River,  Va.  [28,  30,  31]. 

Stadtler's  coal-mine,  Allegheny  Mountains,  I'a.,  476. 

Stamp-niill  of  the  Calinnet  and  llecla  Company,  Lake  Superior  [64,  65,  68]. 

Stamps  of  California  for  cruslHUg  ores  [42]. 

Standani  ct>al-mine,  Berlin,  Somerset  County,  Pa.,  323. 

Stapleton,  Va.,  magnetic  iron-ore  [135]. 

Stark  County,  O.,  black-band  [143]. 

Slate  Furnace,  Bath  County,  Ky.,  fossil-ore  [140]. 

Stead,  J.  E.,  metiiod  of  determining  combined  carbon  in  steel,  309. 

St.  Clair  County,  Ala.,  coal,  147.     St.  Clair  County,  Ala.,  fossil-ore,  158. 

Steam-<listribution  in  cities,  632. 

Steel:  Analysis  of,  313;  Bottom-poured  ingots  better  for  soft  plate  steel  than  top- 
poureil  ingots,  317  :  Colorimetric  method  of  determining  carlion  in,  303  [317]  ; 
Determination  of  suljihur  in,  -307  ;  Ductility  decreased  and  ten.acity  increased 
by  chilling,  317  ;  For  boiler  and  ship-plate,  661  ;  Influence  of  carbon,  manganese, 
phosphorus  and  silicon  on  physical  qualities  of,  665;  Insuflicient  reduction  a 
cause  of  defects  in,  316  :  Method  of  hardening,  316  ;  Open-hearth,  661  ;  Physical 
and  chemical  tests  of,  661  ;  Kapid  method  of  determining  combined  carbon  in 
open-hearth,  309  ;  Tests  of,  315. 

Stephens  lead-mine,  Va.  [30]. 

Stetefeldt,  C.  a.,  The  Shelf  Dry- Kiln  [10],  95;  The  Schwarlzhoppf  Control  and 
Safety  Apparatus  for  Steam- Bo  Hers  [10]  ;  Kemarks  on  the  leaching  of  silver-ores, 
291. 

Stirling  coal-mine.  Pa.,  493. 

St.  Lawrence  County,  N.  Y.,  specular  iron-ore  [134]. 

Stoddart  County,  Mo.,  limonite  [139], 

Stokes  County,  N.  C,  magnetic  iron-ore  [135]. 

Stone,  G.  C,  The  Determination  of  Manganese  in  Spiegel  [176],  295;  Further  Deter- 
minations of  Manganese  in  Spiegel  [449],  514. 

Straiusville  coal-bed,  Ohio,  324. 

Stratigrnphical  Order  of  the  Lower  Coal  Measures  of  Ohio  (Orton)  [450]. 

Stctz,  S.,  Improvements  in  Coal  Washing,  Elevating  and  Conveying  Machinery  [449], 
497. 

Subcarboniferous  rocks,  iron-ores  in,  141. 

Sullivan  County,  Tenn.,  hematite  [138]. 

Sulphur  Determinations  in  Steel  (Troilius)  [448],  507. 

Sulphuric  acid,  its  manufacture  from  sulphurous  gases,  274. 

Sulphur:  In  coal,  317;  Determination  in  steel,  507;  Effect  on  iron,  364 ;  Maximum 
in  merchantable  coal,  344. 

Sulphur  mines,  Va.,  pyrites  of,  531. 

Summit  0)unty,  O.,  carbonate  iron-ore  [141]. 

Supplementary  Remarks  on  the  Bocks  of  South  Wales  (Fbazeb)  [178], 

Surry  County,  X.  C,  magnetic  iron-ore  [135]. 

Swank  coal-mine,  Somerset  County,  Pa.,  481. 

Systematic  Nomenclature  for  Minerals  (Howe)  [176],  238. 
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Tables  for  Facilitating  the  Heat-Calculations  of  Furnace-Gases  contciining  CO2,  CO,  CH^, 

H,  and  N  (Troilius)  [448],  509. 
Tallapoosa  County,  Ala.,  asbestos  [161]  ;  magnetic  iron-ore  [134]. 
Talladega  County,  Ala.,  brown  hematite,  155. 
Tamping  Drill-holes  with  Plaster-of-Paris  (Firmstone)  [449],  574. 
Tantalite  in  Alabama,  161. 
Tar,  mineral,  in  Alabama,  145. 
Tazewell  County,  Va.,  fossil  ore  [140]. 
Tennessee  Valley,  Ala.,  brown  hematite  [145]. 
Tertiary  rocks,  iron-ores  in,  143. 
Tessie  gas-producer  [93]. 
Testing-machines,  608. 
Tests  of  steel  for  boiler-plate,  315. 
Thomas  iron-mine,  Sullivan  County,  Tenn.,24. 
Thomas's  coal-mine,  Somerset  County,  Pa.,  485,  486. 
Tioga  County,  Pa.,  fossil-ore  [141]. 
Titanium  in  Ohio  clays  [505]. 
Todd's  Ford,  Clinton  County,  O.,  fossil-ore  [140]. 
Toncray  iron-mine,  Floyd  County,  Va.  [133]. 
Topogrii'phy :  Its  relations  to  geology,  70. 
Torsion  Balance  (Springer)  [450],  569. 

TowNSEND,  Hon.  Martin  I.,  Address  of  welcome  at  Troy  meeting  [175]. 
Treatment  of  Slimes  (Coggin)  [10]. 
Trevorrow  coal-mine,  Somerset  County,  Pa.,  481,  496. 
Triassic  rocks,  iron-ores  in,  143. 
Triumfo  silver-mine.  Lower  Cal.,  43,  53,  54,  55,  63.     Triumfo  silver-mill  (lixiviat- 

ing)  [43]. 
Troilius,  Magnus,  Determination  of  Manganese  in  Spiegel,  Ferro-manganese,  Steel,  etc., 

[10],  73  ;  Sulphur  Determinations  in  Steel  [448],  507;   Tables  for  Facilitating  the 

Heat  Calculations  af  Furnace-Oases  containing  CO^,  CO,  CH^,  H,  and  N  [448], 

509. 
Troy  laundries,  excursion  to,  176. 

Troy,  N.  Y.,  meeting :  Papers  of,  183 ;  Proceedings  of,  173, 
Tuscaloosa  County,  Ala.,  coal,  150;  hematite  [138]. 
Tuscarawas  County,  O.,  black-band  [143]. 

Union  County,  S.  C,  magnetic  iron-ore  [135]. 

United  States :  Mining  law,  677  ;  Specifications  for  steel  for  government  cruisers, 

662. 
United  States  Test  Commission  Bill  (Egleston)  [449]. 
Upland  Mines,  excursion  to,  10. 
Upper  Osage  district,  Mo.,  limonite  [142]. 

Van  Liew  iron-mine,  Cripple  Creek,  Va.  [28],  34, 

Vanning  machines  (see  Frue  vanner),  64. 

Vermilion  iron  range,  Minn,  (specular)   [136]. 

Verona,  Oneida  County,  N.  Y.,  oolitic  red  hematite  [139]. 

Vesuvius  Mine,  Rockbridge  County,  Va.,  19. 

Vinton  County,  O.,  limonite  and  clay  iron-stone  [143]. 

Virginia  (see  Iron-mines,  Iron-ores,  Pyrites,  etc.) :  Iron-ores  of  the  Valley  of,  17 ; 

Pyrites  in,  527. 
Volumetric  Determination  of  Manganese  (Mackintosh),  79. 
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"Wake  County,  N.  C,  limonites  [135]. 

"Wnlkor  Comity,  Ala.,  coal.  loO. 

Walker's  cojil-niine,  Garrett,  Pa..  4S2. 

Walker,  W.  G  ,  coal-lnxi,  Pa.,  495. 

"Walker,  W.  K.,  use  of  steam  in  the  Bessemer  process,  266. 

"Wall's  ooal-niine,  Somerset  County,  Pa.  [482]. 

Walton  iron-mine,  Va.  [2S,  33]. 

Wakp,  Wii.lard  p.,  a  Process  for  Making  Iron  Direct  from  the  Ore  [450],  522. 

Warren  County,  Va.,  ret!  hematite  [138], 

Warrior  ooal-tield,  Ala.,  147. 

Washington  County,  Ark.,  siderite  [142]. 

W;ishington  County,  Md.,  brown  hematite  [138]. 

Washington  County,  Mo.,  red  hematite  [139]. 

W.ishington  County,  O.,  carbonate  iron-ore  [141]. 

W;»*«:iic  Furnace,  Dutchess  County,  N.  Y.,  91. 

Water-Gas- Furnace  at  Elgin,  III.  (Barkes)  [17G],  359. 

Wayne  County,  111.,  carbonate  iron-ore  [143]. 

Wayne  County,  Mo.,  limonite  [139]. 

Wayne  County,  W.  Va.,  black-band  [142]. 

Weagley  copper-mine,  Adams  County,  Pa.  [89].  * 

Weaver  coal-mine,  Cambria  County,  Pa.,  481. 

Webster  coal-mine,  Pa.,  493. 

Weeks,  J.  D.,  When  was  Coke  Pig-iron  first  made  at  Coalbrookdale  ?  [450];  Remarks 

on  relief  associations,  605. 
Weighley  coal-bed.  Pa.,  495. 
Weimer's  coal-mine,  Somerset  County,  Pa.,  482. 
Wexdt,  Arthur  F.,  Roessler's  3Iethod  of  Manufacturing  Sulphuric  Acid  and  Sulphate 

of  Copper  [178],  274. 
Westfield.  Sauk  County,  Wis.,  red  hematite  and  limonite  [139]. 
West  gold-mine.  Union  County,  S.  C.  [100]. 
Westmoreland,  Oneida  County,  N.  Y.,  fossil  ore  [139]. 
West  Point,  Lawrence  County,  Tenn.,  brown  hematite  [145]. 
mien  was  Coke  Pig-iron  first  made  at  Coalbrookdale  ?  (Weeks)  [450]. 
Whixery,  S,  Remarks  on  tamping  drill-holes,  575. 
White  copper-mine,  Adams  County,  Pa   [89]. 
White  Rock  furnace,  Wythe  County,  Va.  [28],  38. 
Whitwell's  fire-brick  stores  at  Crozer  furnace,  Va.,  107,  110. 
Wigle  coal-mine,  Somerset  County,  Pa.  [482],  496. 
Wilhelm,  An.spach  &  Go's  coal-mine.  Pa.,  495. 
Wilhite  Station,  Cullman  County,  Ala.,  ferrocalcite  [145]. 
Wilkesbarre  Coal  and  Iron  Company  relief  fund,  589. 
Wilkes  County,  N.  C,  magnetic  iron-ore  [133], 
Willis  valley,  Ala.,  hematite  [138]. 

Wilson  process  of  making  wrought-iron  direct  from  the  ore,  522. 
Wilt  coal-mine,  Somerset  County,  Pa.,  481,  496. 
Wise  County,  Va.,  fossil  ore  [140]. 

WiTHERBEE,  T.  F.,  Repairs  and  Improvements  at  Cedar  Point  Furnace  [11]. 
WiTHEROw,  J.  P.,  The  Blast  Furnace  of  tfie  Crozer  Steel  and  Iron  Company  at  Roa- 

.  noke,  Va.  [10],  106. 
Wolfersberger  coal-mine,  Ca-stleman  River,  Pa.,  476. 
Woodring  copper-mine,  Adams  County,  Pa.  [89]. 
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Woodvale  coal-mine,  Pa.,  491. 

AVrought-iron :  Analysis  of,  313  ;  Blair  process,  524 ;  Siemens   process,   524 ;  Wil- 
son's process,  522. 
Wythe  lead-mines,  Va.  [28]. 
Wytheviile,  Va.,  visit  to,  13. 
Wytheville  iron-mine,  Va.  [133]. 
Wyandotte,  Mich.,  laboratory,  description  of,  223. 
Wythe  County,  Va.,  fossil  ore  [140]  ;  red  hematite  [138]. 

Yadkin  County,  N.  C,  magnetic  iron-ore  [135]. 

Yellow  Creek  district,  Blair  County,  Pa.,  limonite  [141]. 

Yoder  coal-mine,  Pa.,  482,  495. 

York  County,  Pa.,  brown  hematite  [137]. 

York  County,  S.  C,  magnetic  iron-ore  [135]. 

Zanesville,  Muskingum  County,  O.,  fossil  ore  [140]. 

Zimmerman's  coal-mine.  Pa..  476,  496. 

Zinc-mines:  Bertlia,  Va.  [28],  30,  31   [32];  Falling  Cliff,  Va.   [28,  30,  31,  32]; 

New  Jersey  [530]. 
Zinc-ores  of  Cripple  Creek,  Va.,  30. 
Zircon  in  Alabama  [161]. 
Zufall's  coal-mine,  Somerset  County,  Pa.,  482. 
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